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Chapter 1. The Role of Transportation in the Energy Complex
[Text] 1.1. Main Trends in Development of the Energy Complex

The scientific and technical revolution--the growth of productive forces and conse-
quently the growth of energy consumption--had an enormous effect on formation of
the world's energetics. Worldwide eneryy consumption increased 3.6-fold during the
period 1950-1977 (Table l.l), and ore consumption increased 5.9-fold, gas consump-
tion increased 7.1-fold, coal consumption increased 1.8-fold, peat consumption in-
creased 1.2-fold, wood consumption increased 1.9-fold and water power consumption
increased 3.9~fold., The advances of science made it possible to utilize a new type
of fuel--nuclear fuel--and its consumption was equivalent to 360 million tons of
comparison fuel in 1977 [30, 71].

The worldwide energy complex and the energy balance are formed under very complex
conditions under the influence, on the one hand, of the planned economy of social-
ist countries, and on the other hand under the influence of the economy of capital-
ist countries. The nonuniform territorial distribution of resources in countries

- themselves and the disparity of a fuels raw material base and the needs of coun-

- tries' economy for energy resources have a significanct effect on the structure of
the fuel balance.

Prior to 1973, the energy complex and energy balance of the capitalist countries
was formed mainly due to an increase of petroleum use and in some countries of gas
use; the fraction of coal usually decreased (Table 1.1). O0il comprised 23.8 per-
cent and 43 percent in 1973 in the worldwide structure of the energy balance,
while the fraction of coal decrased from 54.1 to 27.1 percent during this period.
This was determined by the discovery of abundant oil fields in the developing coun-
tries of the Near East, Africa and South America and by favorable conditions of
deposition and low costs for development of the oil fields of the developing coun-
tries. One-sided agreements concluded by the oil companies with the governments
of the oil exporting countries led to the fact that the petroleum fuel of develop-
ing countries was more economical than any other kind even with the transportation
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Table 1l.1.
AR, T YCAOMIOIO TONAHBA
Bug m(-]-'.)- ® Meprum (2 pwcprcanmpetaeuse, % X rory sa foa
1960 165 | 1o | o3 | 17 19717
” (3) 2852 | 5808 | 7580 | 8699 | 8855 10166
Beero | 0 | "0 100 100 | 100 100
(4) 680 1998 | 3058 | 3737 | 3560 3981
Hegre 238 | 36 | 04 | @0 | 1,3 39,2
266 %2 1405 | 1664 | 1700 1815
Fas (5) 9.0 %6 | 185 | 190 | 19,2 18.9
1544 2166 | 2985 2382 | 2506 2839
Yroa (6) 51 | 31 | 302 | @1 | B3 37,9
18 2 22 2 22 2
Top (7) o6 | 03 | 83 | 03 | 02 0,2
167 305 314 321 320 320
Tiposa (8) 59 | 73 | 71 | 37 | 38 | 32
: . 187 357 465 522 610 730
f Funposueprita (9) 56 1 &1 60 5.9 71
- 10 31 71 137 360
Atomnas sneprua (10) - 0.2 ] ) 5 33

Key:
1. Type of fuel and energy
2. Energy consumption, millior tons of comparison fuel/percent of annual total

3. Total
. 4, 0il
R 5. Gas
6. Coal
7. Peat
8. Wood

9. Water power
10. Atomic energy

costs figured in and at the same time provided high profits to the oil monopolies.
Thus, the cost of oil in 1972 comprised 16-25 dollars per ton in the Persian Gulf

and the Mediterranean Sea areas, the cost of delivering it by tanker to the United
States was approximately 1-2 dollars per ton, the cost of transportation from the

port to the petroleum refining plant was approximately 1.3 to 1.5 dollars per ton

[96, 971, whereas the cost of producing American oil comprised 88-103 dollars per

ton [86, 87].

The economy of a number of capitalist countries was determined largely by the be-
ginning of 1973 by oil supplies: in 1972 the specific weight of imported oil com-
prised 59 percent in the total energy consumption of Western Europe and 72.6 per-
cent in the energy consumption of Japan. The fraction of imported oil in the energy
balance comprised 13.5 percent even in the world's largest oil-producing country--

= the United States [105]. The orientation of the energy base of capitalist countries
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toward imported oil made them dependent on OPEC countries,* which could make de-
mands on the largest capitalist countries. The OPEC countries raised the prices
for oil: the cost of oil in the Persian Gulf and the Mediterranean Sea areas com-
prised 100-120 dollars per ton in 1977-1978. This in turn led to the need for a
number of capitalist countries to review the entire energy balance from the aspects
of the greatest involvement of their own energy resources and development of atomic
power engineering.

The result of the 1973 energy crisis was a reduction in the fraction of oil consump-
tion and an increase in coal consumption by 457 million tons of comparison fuel and
an increase of power generation by hydroengineering and nuclear power plants (al-
though the specific weight of water power increased from 6.6 percent in 1950 to
only 6.9 percent in 1975 and to 7.4 percent in 1977). Rapid growth in the rates of
atomic power development have been observed, but its specific weight was still in-
significant in 1975, approximately 1.5 percent of worldwide energy consumption, and
was only 3.5 percent in 1977.

The energy complex of the socialist countries was formulated in proportion to de-
. velopment of their economy and was not subject to sharp jumps. The energy balance
of all the CEMA member countries was formulated through their own energy resources
with extensive use of all types of fuels. The specific weight of solid strip-
mined fuels is higher in these countries than the worldwide average [14, 68].

The vigorous growth of oil production in the developing countries and the ever in-
creasing consumption of oil andpartially of liquefied gas in industrially developed
countries induced vigorous development of maritime shipments of petroleum and pipe-
line transport of petroleum mainly from the fields to ports, from the ports to oil
refining plants and of product pipelines from the plants to consumers. Intracon-
tinental pipeline transport of gas was developed extensively. Very large gas and
0il transport systems have now been developed in the United States, the USSR and
Western Europe. The total length of the world's major pipelines has reached 680,000

km [30, 97].
Table 1.2.
Crpyxvypa Tpauc Crpyxryps Tpaici
va, %. obtuero ) oF
Bua -rpuncnop-m(l) ofuema nepeuo3oK B 1 ™ oﬁt:éuz‘ nepe:»ra?x
3gcce | cwa (4 ccep | cma
Hegms (5) (X0)H emen podyxmn
TpyGonposoanuft (6) . . | 85 75,3 || Tpy6or A . . .] 10 |36
enezuonogomuuﬁ (7). | n 0,2 )lgg’nea:c':;:)op)ﬂ;:nun .. 8 2:8
Bosnua (B). . . 4 18,2 Boawutt . . ... . e 12 22,6
Astomobumsnu (2). 0 | — 6.3 || AetomoGuabuat . . .| — | 39,4
Hroro: (11) 100 100 Hroro: 100 100

- [Key on following page]

*
OPEC now includes Algeria, Venezuela, Gabon, Indonesia, Irag, Iran, Qatar, Kuwait,
Libya, Nigeria, the United Arab Emirates, Saudi Arabia and Ecuador.
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[Key continued from preceding pagel:

1. Type of transport 6. Pipeline
2. Structure of transport, percent of 7. Rail
total volume of shipments 8. Water
3. USSR 9. Motor
4. United States 10. Petroleum products
5. Petroleum 11. Total

The total freight turnover of all types of intracontinental fuel transport com-
prised approximately 7 trillion ton-kilometers, which comprises approximately 40
percent of the world's total freight turnover.

The distribution of intracontinental shipments of liquid fuel by types of transport
is determined by the specific development of the countries in the USSR and the
United States (Table 1l.2).

The transport component in the cost of gas in the United States and the USSR is
equal to 20-30 and 60-80 percent, respectively, while the transport component of
oil is equal to 10-20 and 30-40 percent of its cost. An increase in the fraction
of the transport component in the cost of gas and oil should be anticipated in the
United States with regard to the need to develop oil and later gas fields in the
northern portion of the American continent [76, 96].

A significant fraction of the transport component in the cost of fuels and an in-
crease in the distance of delivery and alsc the need to construct mainiines under
complex and hydrclogical conditions posed the problem of intensification and more
extensive use of scientific and technical progress to transportation. 'This is an
increase of pressure and cooling of gas, an increase of the unit capacity of gas-
pumping units and so on in pipeline transport of gas, in railway transport these
are various engineering solutions that permit an increase of the carrying capacity
of mainlines from 90-100 to 180-200 million tons per year and so on.

The main intercontinental flows of fuels (Figure 1.1) are increasing: the import
of 0il comprised 1.486 billion tons in 1977, including 582 million tons to Western
European countries, 331 million tons to the United States and 237 million tons to
Japan [86, 87]. This is also typical for flows of petroleum products; their export
from Western European countries comprised 120 million tons, while imports comprised
140 million tons. The import of petroleum products to the United states comprised
88 million tons. During the last few years, oil imports to the United States in-
creased sharply. The total turnover of international marine shipments of petroleum
and petroleum products comprised 16.8 trillion ton-kilometers in 1977. Intracon-
tinental shipments of gas and coal are increasing: they comprised 116 billion m3
and 121 million tons, respectively, in 1977 [81]. Maritime transport of oil costs
one-third as much as pipeline transport and the average cost of delivering oil by
sea comprises approximately 1.2 dollars per ton for a distance of 4,000 kilometers,
while delivery of oil by pipeline comprises 3.6 dollars per ton for a distance of
1,000 km. Consequently, oil consumption.is determined only by prices for oil.
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Figure 1.1. Main Intercontinental Flows of Petroleum and Petroleum Products

During the past few years, after nationalization of the ojl-producing industry of
a number of developing countries and centralized pricing for oil by OPEC member
countries, most countries that import oil have implemented measures to replace im-
ported petroleum fuels by more expensive domestic oil, pit and hydrogenous coal
and other local fuel resources and are conducting accelerated development of nu-
clear power. Thus, the shortage of oil and gas in the United States makes it
necessary to increase coal production. The increase in the demand for electric
power and the slower than anticipated increase in the capacities of nuclear power
plants contribute to this (63 AES [Nuclear power plant] were operating in the
United States in 1977 at which 10 percent of the total energy was produced, start-
up of an additional 75 AES that will provide 20 percent of all generated energy is
anticipated by 1985, but this is still 25 percent less than previously planned [70,
71, 105]. According to the latest forecasts, coal production in the United States
may reach one billion tons per year in 1985 and 1.3 billion tons per year in 1990
compared to 0.62 billion tons per year in 1976. Moreover, intensive geological
prospecting work in Alaska and in the other northern regions of the American con-
tinent are now under way in the United States.

Great Britain, Norway, the United States, Venezuela and a number of other countries
are conducting intensive geological prospecting work and oil and gas production
from offshore fields. The total oil production from offshore fields comprised ap-
proximately 540 million tons per year in 1977, including approximately 360 million
tons per year by OPEC member countries and 80 million tons per year by the United .
States. Approximately 210 billion m3 of natural gas per year was produced from

- offshore fields in 1977 (81, 97]. Especially intensive operations to exploit off-
shore gas fields are under way in the English sector of the North Sea.
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Intensification of geological prospecting work both on land and at sea made it
possible to increase worldwide petroleum reserves by 5 percent by 1977 compared to
1973, gas reserves by 21 percent and coal reserves by 53 percent. At the same
time it should be noted that the majority of oil and gas reserves of the capital-
ist world are located in developing countries. A total of 75 percent of the oil
reserves is concentrated in OPEC countries and approximately 60 percent of gas re-
serves is concentrated in the countries of the Near and Middle East and Africa.
The United States has approximately 6 percent of oil reserves and 18 percent of gas
reserves and Western Europe has 5 percent of oil reserves and 11.6 percent of gas
reserves, whereas the United States, Japan and Western European countries are the
largest consumers of energy resources in the capitalist world [97, 105].

The involvement of various types of fuels and atomic power in extensive industrial
use and implementation of the enumerated and other programs for this provide the
basis to consider the planned trends as long-term trends which will determine in
the foreseeable future the general direction in development of worldwide eaergy
management.

Besides extensive development of atomic power, one can expect rapid development of

- gas production and intercontinental and intracontinental gas transport cver long

distances. The accelerated development of coal production, primarily by strip min-
ing with transport over relatively long distances, is inevitable since the indicat-
ors of nuclear power plants are still less favorable for the near future than those
of electric power plants operating on strir mined coal. Programs have been devel-
oped to process bituminous sands, shales and inexpensive strip-mined hydrogenous
coal with subsequent transportation of the product (coke, resins, methanol and
other chemical products) over considerable distances.

Implementation of the planned programs to improve the structure of the energy bal-
ance in different countries requires further development of internmational transpox-
tation systems of different designation, primarily of intracontinental pipeline
transport of oil, petroleum products, gas and coal and the products of refining
them, of rail and river transport of fuels and also of maritime transport of oil,

liquefied gas, coal and products of refining them.
1.2. Fuel Production and Transportation in the USSR

There is a close relationship between the development of a country's economy, fuel
production and consumption and development of electric power. During the period
from 1960 through 1975, the gross national product increased 2.65-fold, the per
capita income increased 2.62-fold, the production of all types of fuel increased
2.61-fold and electric power generation increased 3.52-fold. During the past 25
years the production of all types of fuel has doubled every 9-10 years, while gen=-
eration of electric power has doubled every 6-7 years. Part of the fuel was expor-
ted, primarily to CEMA member countries [69, 72, 73].

Numerous factors affect the growth rates of fuel production and the need for trans-
port facilities to transport it. These are primarily an increase in the volume of
industrial and agricultural production, an increase in the power available per
worker for labor, technical progress in different sectors of the economy, improve-
ment of the energy balance of individual regions and of the country as a whole,

6
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involvement of oil fields remote from consumers in industrial development and
other factors [68, 74]. The country's energy consumption (Table 1.3) increased
5.6-fold, oil consumption increased 14.4-fold, gas consumption increased 56.2-
fold, coal consumption increased 2.4-fold and water power consumption increased
7.9-fold during the period 1950-1977 under consideration.

The growth of energy consumption in the USSR is 1.6-fold higher than the growth of
worldwide energy consumption (Table 1.1) and the growth of oil consumption exceeded
the worldwide growth rates of consumption 2.4-fold and of gas consumption 9.5-fold.
This indicates the high rates of development of the USSR economy, specifically of
the petroleum and gas industry.

Table 1.3.
(1) a(l%[z Gacyme, MAH. T YCAOBHOIO TOOAHLA
Buan H Sneprim %
. 1950 | 1960 | 1970 | 1975 1977
(3) 318,7 | 716,2 | 1266,2 | 1632,1 | 1785,7
Beero T~ o0 - | “Too- | ~106°
(4) §i£ 2i1,8 502,5 701,8 780,5
- Hedrs 6,8 | 2.6 | 29,5 | 42,8 | 43,8
- 5 7.3 54,4 233,5 345,7 410,0
Fas (5) 2,3 7.6 | 187 | 21,5 | 22,9
v (6) 205,7 3713,1 432,1 490,4 486,0
rone 64,7 | 52,0 1T | 299 | 27,2
148 | 204 | 1,7 | 16,9 | 14,0
Topd (7) 76 2,9 1,4 1,0 0,8
1,3 4,8. 8,8 11,7 11,4
Cnamm (8) 03 0.7 07 .7 o5
27,9 28_7 26,6 23,8 24,6
Iposa (9) B8 1,0 2,2 1.5 4
7,5 23,4 44,4 43,8 59,2
Tugposneprua(10) | 5 T3 35 36 T3
Key:
1. Types of fuel and power 6. Coal
2. Energy consumption, million tons 7. Peat
of comparison fuel, percent 8. Shales
3. Total 9. Wood
4. 0il 10. Water power
5. Gas

The country's power engineering is being developed under the influence of technical

progress to improve production processes and the utilizatiun of energy resources.

Thus, the specific fuel consumption with specific calculation per kilowatt-hour of

electric power comprised 627 grams at general-purpose electric power plants in 1945,

415 grams in 1965, 348 grams in 1873, 340 grams in 1975 and 334 grams in 1977. Aac-
. tually, the fuel saving is higher since the specific weight of electric power
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generation by general-purpose power plants increased simultaneously (by 6.8 percent
from 1950 through 1975) and also the specific weight of fuel produced by combination
generation at electric and heating plants and central boiler plants was also
increased.

Fuel consumption decreased from 35.6 to 8.9 kg of comparison fuel from 1955 through
1975 per 1,000 gross tons-km in railway transport due to replacement of steam trac-
tion by electric and diesel locomotives. The total fuel consumption for transport
(including intracity) comprises 12-13 percent of the total fuel consumption in the
country due to primary development of types of transportation that economize in
consumption of energy resources compared to 20-22 percent in the United States and
Western European countries.

The replacement of internal combustion engines by diesel engines in agriculture led
to a decrease of specific fuel consumption by 30-35 percent.

Technical progress has an enormous effect on fuel utilization, the volume of its
consumption and the work of transportation to deliver fuel to consumers. If the
specific fuel consumption of 1950 were to be maintained at the modern level of de-
velopment of the economy, there would be approximately two times more fuel than
actually consumed for all needs.

Improving the structure of the country's energy balance by increasing the specific
weight of more economical or calorific fuels has an important influence on the con-
sumption of energy resources and the work of transportation. The volume of the
energy consumption of fuel and its specific weight in the country's fuel-energy
balance are presented in Table 1.3. The fraction of petroleum in the energy bal-
ance increased from 16.8 to 43.8 percent and the fraction of gas increased from 2.3
to 22.9 percent during the period under consideration, while the specific weight of
coal decreased from 64.7 to 27.2 percent (with an increase of mining it mainly by
the open-pit method). :

The actual specific weight of petroleum consumption is lower than indicated in
Table 1.3 since petroleum and partially gas were exported to CEMA countries.

The main directions in development of the national economy of the USSR for 1976~
1980, adopted at the 25th CPSU Congress, provided further development and improve=
ment of the country's energy balance. It is planned to bring oil production (in-
cluding gas condensate) up to 620-640 million tons (900-930 million tons of
comparison fuel), to bring gas up to 400-435 billion m3 and to bring coal produc-
tion up to 790-810 million tons [2].

The development of fuel transportation and the fuel's economy are determined by the
structure of the energy balance and by the geographic disposition of production and
consumption of energy resources. The main consumers of energy resources in the
USSR are concentrated in the European USSR and in the Urals. Approximately 80 per-
cent of all consumption went to these regions in 1977; it is expected that approxi-
" mately 70 percent of energy resources will be consumed in the European USSR and the
Urals in the future and that approximately 30 percent will be consumed in Siberia,
the Far East and Central Asia. O0il, gas and coal will be exported through the ports
of the Black and Baltic Seas and across the country's western borders.
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Prior to the late 1960's, the production of energy resources in the European and
Asian parts of the country corresponded approximately to consumption. However,
this equilibrium was not present by types of fuel. The oil and petroleum products
of the Urals-Volga region were transported to Western and Eastern Siberia and to
the Far East. A special oil and petroleum pipeline system was developed for this.
The pit and coking coals of the Kuzbass and Karaganda were transported by rail or
by mixed rail-river traffic to the European regions of the country and were trans-
ported by rail to the Urals. The coal of the Ekibastuz basin was transported to
the electric power plants of the Urals. Gas from Central Asia was delivered to
the Urals through the Bukhara-Urals gas pipeline and gas from Western Siberia was
delivered to the Urals through the Igrim-Serov gas pipeline.
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_ Figure 1.2. Volume of Fuel Shipments by Various Types of Transport: 1l--total;
2--coal shipped by rail; 3-~-oil and petroleum products shipped by
rail; 4--oil and petroleum product pipelines; 5--gas pipelines;
6--0il and petroleum products shipped by water; 7--coal shipped

- by water

Key:
1. Volume of shipments, million tons

Extensive Central Asian-Center-state boundary-Nadym (Medvezh'ye)-Torozhok-Minsk-
state boundary and Urengoy-Kazan'-Center and Orenburg-Center gas pipeline systems
are being developed during the current decade with regard to the vigorous develop-
ment of gas production in Central Asia, the Southern Urals, Northern Tyumenskaya
Oblast and Orenburg. The Soyuz system has been developed to deliver gas from the
Orenburg field to the state boundary and from the Central Ob' field to the regions
of Novosibirsk and the Kuzbass. The rapid rates of development of gas production in
the Central Ob' region made it possible not only to replace Volga area oil from

- eastern regions but also to organize delivery of Central Ob' oil to the European
regions of the country. Favorable conditions for coal production in the Ekibastuz
bains led to its rapid development and made it possible to organize shipments of
mass quantities of Ekibastuz coal to the Urals. The volume of fuel shipments by
various types of transport during the period 1950-1975 is presented in Figures 1.2
and 1.3, respectively.

By 1975, significant changes had taken place in fuels transportation. Whereas the
- railroads carried out 85 percent of the total volume of transport work related to
providing the country with fuel in 1950, they provided less than 65 percent in
1970, 54 percent in 1975 and 33 percent in 1977. At the same time the specific
weight of pipeline transport increased from 5 percent in 1960 to 26 percent in
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1970 and 48 percent in 1977, respectively. Oil shipments by sea increased with
regard to the rapid development of the northeastern regions and also the increase
in the export of oil and petroleum products [55, 56, 59]
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Figure 1.3. Freight Turnover of All Types of Transport in Fuels Shipments.
The notations are the same as in Figure 1.2.

Key: . .
1. Freight turnéver, billion tons-km 2. Years

The development of water power played some role in the decrease in the growth rates
of the transport load in fuel shipments since most hydroelectric power plants are
located in regions with long fuel supply lines. If thermoelectric power plants had
been constructed in place of hydroelectric power plants, the need for coal would
have increase by approximately 63 million tons in 1975 (with mean specific heat of
coal of 5,000 kcal/kg) and the volume of rail shipments of coal would have increased
by 95-100 billion tons-km, which comprises 10 percent of the total fuel transporta-
tion work of the railroads.

Nuclear power engineering has achieved ever greater development during the past few
years. According to the decisions of the 25th CPSU Congress, capacities of 13-15 mil-
lion kilowatts will be introduced at nuclear power plants during the current five-
year plan. Generation will comprise 90~100 billion kilowatt-hours with use of
capacities of 6,500~7,000 hours, which will permit replacement of 30-33 million tons
of comparison fuel or 42-45 million tons of medium-grade coal of the Ekibastuz or
Kuznetsk basins, which would require an increase in the work of rail transport by
approximately 3.5 percent. ' '

The .role of electric power transmission lines in replacement of energy carriers is
still small. All existing electric power transmission lines with voltage of 400 kv

- or higher could replace transportation of approximately 36 billion ton-km of compar-
ison fuel in 1970 and 56 billion ton-km in 1975, which comprises 2.7 and 3.0 per-
cent, respectively of total fuel transport shipments. The actual saving of trans-
port shipments achieved by using electric power transmission lines is somewhat less
than that indicated since some lines performed the functions of linking energy sys-
tems to each other and operated in a direction not always coincident with the gener-
al direction of fuel transport.

The total volume of fuel trénsport shipments throughout the USSR is approximately
40 percent. In this case the fraction of freight turnover of fuels in the total
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freight turnover of the country's transportation system, despite measures adopted
to reduce these shipments, is increasing continuously. The freight turnover of
fuels comprised 37.3 percent in 1960, 38.2 percent in 1965, approximately 40 percent
in 1970, 42.1 percent in 1975 and 44.8 percent in 1977 [30, 55, 56]}.

For comparison let us point out that the similar index comprises 42-44 percent dur-
ing the past few years in the United States. If one considers the more uniform
distribution of fuel resources in the United States than in the USSR and their
proximity to the main consumers and the considerably smaller territory of the United
States, one can conclude that the fuel supply of the USSR national economy is at a
higher level of organization.

The development of pipeline transport led to some decrease in the fraction of the
freight turnover of fuels in the total freight turnover of the country's railroads:
34.7 percent in 1965, 32.7 percent in 1970 and 31.0 percent in 1975. The freight
turnover of oil and petroleum products increased from 51.2 billion tons-km in 1960

t to 665.8 billion tons-km in 1975. The delivery of commercial gas by pipeline in-
creased from 28.0 to 279.4 billion m3 during this same period.

Thus, major coal shipments are performed by railway transport via extensive, usually
electrified, mainlines, gas and oil and transported by pipelines and petroleum
products are transported by rail and pipeline. The distributed transport includes
the branched network of pipelines and railroad spur tracks. Motor transport using
specialized trucks adopted to deliver petroleum products and coal to small consumers
located in rural locales is utilized extensively.

The system of supplying the national economy with energy resources includes storage
and distribution bases for solid fuels, oil and petroleum products that provide
storage of reserves required to cover the peak consumption and to supply all con-
sumers of the national economy during random interruptions in production and deliv-
ery of energy resources.

It should be noted that the established disposition of consumers, primarily of
petroleum refining plants, the distribution of shipments and selection of types of
transport are not optimum in all cases. Bringing the energy-consuming plants closer
to the fuel bases of the country's eastern regions, locating petroleum refining
plants closer to the consumer regions and efficient distribution of fuels shipments
among types of transport, specifically, development of a more branched network of
petroleum product pipelines and switching transport of petroleum products to them
from rail and partially motor transport would permit more efficient shipments and
would reduce the fraction of transport expenses in delivery of fuel in the total

- energy expenses and the expenses of the national econony as a whole.

1.3. The Problems of Transport in Formation of an Energy Complex

The volume and distance of transport shipments of energy resources are determined
primarily by the level and structure of social production, by the needs for fuel
consumption by regions of the country and by the disposition of the main fields of
fuel resources. The development of the energy complex and its established struc-
ture have an important influence on development of the transport system and its
structure (the fraction of the types of transport) (Table 1.4).
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Table 1.4.

Noxasarenw (1) 1950 1960 1970 (.:?ﬁ) (2)

3 .
TonauBnMe PeCYpcHi, MAH. T YCNOBHOMO 1(0|3|nua 318,2 716,8 1266,2 2050
Yaeanuenne, %, K npeanAyliemy ACC’I‘“IJICTHK;d —_ 226 178 162

Key:
: 1. Indicators
2. Planned
3. Fuel resources, million tons of comparison fuel
4. Increase, percent, compared to previous decade

It is expected that the future consumption of energy resources will increase with
gradual stabilization of fossil fuel production due to improvement in the structure
of the electric power balance, an increase of the utilization factor of energy re-
sources by consumers, secondary use of energy resources and other changes that
provide an increase in the effectiveness of the country's entire energy management.

The rates of atomic power development are of great significance to reduce fuel
transportation shipments. Introduction of Atommash [expansion unknown] places the
development of atomic power on a reliable basis.

High rates of development of atomic power are desirable from the viewpoint of re=-
lieving transportation from shipping enormous quantities of mineral fuels, provided
that the economic indicators of nuclear power plants will be no lower with regard
to fulfilling all environmental protection gtandards than those of electric power
plants operating on Kuznetsk, Kansk-Achinsk and Ekibastuz coals (with transport of
coal to the consuming regions). In this case an increase of fuel production would
be required only for new units at existing electric power plants. Under these
conditions all forecasts of energy resource consumption, especialy for the long
term, should be regarded as estimate forecasts dependent on the rates of development
- of atomic power.

Approximate concepts on the main directions of shipping various types of fuel and
the role of transport in further improvement of the structure of the country's en-
ergy balance can be compiled on the basis of the future needs for mineral fuels ac-
cording to zones of the country and for the future and proven reserves of natural
energy resources.

- The main need for energy resources, as indicated above, remains in the European USSR
and in the Urals. Depending on the rates of industrial development, primarily of
energy-consuming industry in the eastern regions and the rates of development of

- atomic power in European regions of the USSR, the needs of the western regions of

' the country for minearl fuels will also fluctuate in the future in the range of
2-2.5 trillion tons of comparison fuel [14, 25]. Approximately 100 million tons of
comparison fuel are now mined annually in the European USSR and in the Urals.
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A further increase in the level of mineral fuel production in European regions,
specifically Donbass coal, is possible in insignificant dimensions with regard to
economic effectiveness: essentially by 10-15 percent. The coal of the Moscow
(except some mines) and the Pechora basins is the country's most expensive fuel.
Further development of coal mining will hardly be justified with the exception of
mining the coking coal in the Pechora basin.

Under these conditions an increase of capacities in coal mining in the Europea:
USSR is a less feasible direction to improve the structure of the energy balance

by this type of fuel and transport of fuel from eastern regions is feasible. De-
velopment of oil and gas production in the European regions of the country will de-
pend on discovery of new high-yield fields at great depths or in offshore regionms.
Known fields are exploited on the basis of existing reserves and rational periods
of their exploitation. In the future one can expect depletion of a number of fields
and transition to their explocitation with reduced yield. The water power resources
in this region will be mainly exhausted with construction of the Nizhnekamskaya and
Cheboksary hydroelectric power plants on the Volga river.

All the enumerated factors indicate the need and feasibility of making up the defi-
cit in the energy resources of the European USSR and the Urals by accelerating the
construction of nuclear power plants and exploiting the fields of eastern regions
with organization of mass transport of fuel from east to west.

The main type of boiler-furnace fuel in this case, along with the nuclear fuel re-
placing it, will be coal and in some cases gas. Worldwide prices for oil and gas
make it feasible to limit their use as fuels in all cases where they can be effec~
tively replaced by economical strip-mined coal. Moreover, oil and gas are a more
promising raw material for the chemical industry and a fuel for mobile power sta-
tions. Efficient use of these types of fuel is one of the main tasks of improving
the country's fuel and energy balance. Therefore, along with increasing oil and
gas production and developing extensive transport systems for them, we will be
faced in the future with solving the problem of accelerated exploitation of ‘strip-
mined coal and of finding methods of transporting it over long distances in the
form of fuel or electric power. :

The main coal bases of the country's eastern regions are the Kuznetsk, Ekibastuz,
Kansk-Achinsk and other basins.

Coal of the Ekibastuz basin is comparatively low-calorie (4,100-4,200 kcal/kg) and
has a high ash content, but is now the least expensive hydrogenous coal in the coun-
try (2.3-2.5 rubles per ton of comparison fuel) [67, 68]. Comparison of the reduced
expenditures for mining, transport and burning of Ekibastuz coal, for example, with
Donetsk coal or gas, permits one to conclude that it is feasible to trasnport it .
over a distance up to 1,500-2,000 km. The capacities of the basin, including the
Maykyubenskoye field, are estimated at 120-150 million tons of production annually.
Approximately half of this coal production can be used at local electric power
plants and can be sent over electric power transmission lines to nearby regions

and the country's central regions. The remaining coal must be transported to the
Urals and to Central Asia.
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The strip-mined coal of the Kuznetsk basin has specific heat of 6,200-6,500 kcal/kg
and is also relatively inexpensive (5.5-7.0 rubles per ton of comparison fuel).

The coal can be transported both by rail and through coal-slurry pipelines. A
total of 350-400 million tons of coal annually can be mined in the basin, jincluding
approximately 35-40 percent of coking coal. Based on the need to provide the c¢en-
tral regions with fuel, it is feasible to increase mining of the coal of this basin
for transport to the west, while the needs of Siberia for energy fuel can be met
with coal of the Kansk-Achinsk basin.

The coal reserves in the Kansk-Achinsk basin are extremely large and according to
forecasts reach 1.2 trillion tons. The capacities for mining under favorable eco-
nomic indicators are estimated at 1-1.2 and even 2 billion tons annually [67].
However, these scales of production lead to mining coal at great depths and con-
siderably worsen the economic indicators of production. According to the economic
indicators per ton of comparison fuel, this coal is the least expensive--4.0-6.0
rubles of reduced expenditures per ton of comparison fuel--according to projected
plans with development of strip mines each producing 40-60 million tons annually.
However, this coal is low-calorie (3,300-3,500 kcal/kg), is moisture~-saturated (up
to 40 percent), has a tendency toward spontaneous combustion and in natural form
permits transportation (for example, by rail) over short distances. Methods of
concentrating this coal have been developed and tested with production of high-
calorie products (semicoke with 6,800-7,000 ckal/kg, resins and so on) that permit
transport over long distances by rail and slurry pipelines. Since the large coal
reserves of the Kuznetsk and Kansk-Achinsk basins are capable of making up a sig~
nificant part of the increase of the country's needs for fuel by the year 2000 and
can contribute to more efficient utilization of oil and gas, the problem of con-
centration and transport of it is one of the most timely in the problem of the
country's fuel and energy balance.

The main oil and gas fields are concentrated in the West Siberian lowland. The
West Siberian industrial complex--the main region for producing these types of fuel,
which will be developed, has already been created.

Prior to prospecting the oil fields in the Far East and in.the offshore zones of
sakhalin, the oil tramnsport routes of the West siberian lowland pass to the east and
south to meet the needs of all regions located east and south of the Central Ob' re-
gion [73, 74]. The presence of predicted oil reserves in the Far East and on
sakhalin determines the approach to selection of transport to deliver oil to these
regions from the Central Ob' region., A special pipeline to deliver oil during the
next few years if oil reserves are discovered there sufficient to meet local needs
may be underloaded in the future. This predetermines the feasibility of organizing
oil transport to the east by rail. '

The main oil flow from Western Siberia is directed toward the west for the needs of
the European USSR and for export needs with delivery of oil by pipeline across the
western borders and toward the tanker ports of the Black and Baltic Seas. This flow
is stable and large pipeline systems are required for development of it.

puring the current five-year plan the West Siberian lowland will become the main

gas-producing region in the country. The proven gas reserves in the northern re-
gions of the lowland exceed 70 trillion m3 [74], which permits development of this
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region at accelerated rates predetermined by the needs of energy management, the
chemical industry and also export needs. Rapid development of gas production re-
quires development of extensive systems for delivery of it to the northwestern re-

- gions of the European USSR that are less provided with energy resources, to the
central and southern regions with denser populaticn and more developed industry and
also the country's western borders for gas transportation for export.

Tyumen' gas flows are now delivered through pipes 1,420 mm in diameter.

The engineering solutions of these mainlines may not be regarded as optimum for a
number of reasons, mainly due to the fact that a large number of gas pipelines must
be laid and consequently extensive labor and metal expenditures are required. '
Therefore, problems of increasing the efficiency of the gas pipelines acquire spe-
cial significance.

The gas from the Orenburg field is sent by an already complex scheme to the coun-
try's western regions and for export across the western borders. A pipeline 1,420
mm in diameter, which passes through the USSR, Czechoslovakia and Hungary with
branches to other CEMA member countries, has been constructed to transport this gas
through the efforts of CEMA countries. The gas of Yakutiya will obviously be sent
to the east to meet the needs of Far Eastern regions and also for export by maritime
transport.

The general layout of the transport flows of fuel is presented in Figure 1.4,

Along with the enumerated larger transport directions of fuels, transport communica=
tions of newly discovered fields with consumers and also with transport mainlines
will be developed. Product pipelines need to be developed to create distributed
transport of petroleum products from the plants to consumers. Development of product
pipeline systems is determined by the disposition of oil-refining plants and their
optimum capacity.

The given data show that the national economy is faced with solution of very com-
plex problems on intracontinental transport of energy resources. The first success-
ful steps have already been taken in this direction. Engineering and economic in-
dicators of fuel transport systems (rail and oil -and gas pipelines) are usually
higher than the corresponding foreign indicators. However, the indicators achieved
cannot be regarded as optimum and require a further increase. Advanced transport
systems must be developed, engineering and economic problems must be solved and the
most efficient types of transport and their combinations must be selected. One must
take into account in this case that the level of expenditures for fuel transport and
timely solution of problems on fuel support will directly affect the rates and in-
dicators of the effectiveness of developing the country's national economy.
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piagram of Main Fuel Flows for the Near Term

Figure 1l.4.
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Chapter 2. Methodical Aspects of Determining Transport Expenses

2,1. General Aspects

The diversity of the physical and engineering characteristics of the fuel of differ-
ent fields, the different engineering and economic indicators of production, the
need to take into account the consumer effect (expenditures for combustion), the

- relatively broad interchangeability of fuel and the possibility of using different
types of transport to move it make the problem of formulation of the energy balance

- as a whole and selection of the most favorable fuel regime of individual consumers
exceptionally complicated. The problem is complicated by the need to take into ac-
count simultaneously the capabilities of developing fields and of creating one or
another transport system within the required deadlines by changing the engineering
and economic indicators of production with an increase of the production scales, de-

- velopment of technical progress and a number of other factors.

pifferent approaches and procedures for taking into account the transport factor in
optimizing the energy balance are used at different stages of investigation and
planning of the energy balance, depending on the postulated problem and the degree
of reliability of information. When developing the basic directions of five-year
plans, one relies on the extensive information that permits computer aids in se-
lecting the optimum version of the energy balance and of determining the transport
and economic communications for different types of fuel and the need and feasibility
of constructing individual transport facilities. Comparison of five~year plans with
division by years and annual plans for development of the national economy is based
on complete information of the needs of different regions of the country for fuel
and energy and on the capacity to produce fuel by fields. This permits development
of a completely balanced plan for production and consumption of fuel and for loading
and development of transport systems. However, the capability and primarily the
deadlines for implementation of different measures on development of existing and
assimilation of newly discovered fields and construction of communications lines
must be taken into account in this case. A long period (more than 5 years) is usu-
ally required to develop large producing and transport facilities with regard to
the time required for planning and prospecting work.

- 18
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When working out future development plans, for example, general schemes for 10-15
years, one relies on less reliable information but in this case there is the pos-
sibility of implementing measures that provide serious changes both in the struc-
ture of the energy balance with bringing new fields into exploitation and in devel-
opment of new transport systems. Suggestions based on these developments are taken
into account when compiling five-year plans both complete and ¢d:ring subsequent
five-year plans as provided for partial or total introduction into exploitation.
When working out forecasts for the longer term, there is frequently no reliable in-
formation on the conditions for development of the energy economy, especially in
proven and confirmed fuel reserves for individual fields, but there is the capa-
bility of designating the basic directions of solving problems to improve the struc-
ture of the energy balance and consequently of individual types of transport, of
taking into account the effectiveness of measures planned for the nearest stages

of development and in some cases of advancing proposals on the long-term changes of
proportions and shifts in the energy balance and transport. It is obvious in this
case that the initial base is the basic directions and general decisions on devel-
oping the country's productive forces and primarily of energy-consuming sectors

and of their disposition by territory.

At the same time expenditures for transport also have a significant influence on
the disposition of the energy-consuming sectors of the national economy.

The disposition of the productive forces and the specialization of regions, as is
known, depend on a number of economic, geographic, national and other factors

- (transport of raw materials and finished products play the far from last role among
them). Bringing production closer to energy resources and reducing their transpor-
tation expenditures may have a negative or positive effect on the indicators of
transporting raw material, semifinished products and finished products. Optimiza-
tion of the energy balance and development of transport are closely intertwined
with the problem of arranging the country's productive forces.

Taking into account the numerous direct and indirect relationships in the national
economy during optimization of the energy balance requires complex calculations and
makes it necessary to assume a number of provisionalities related to the technique
of making calculations and the capabilities of computer equipment and also to vari-
ation of the reliability of information for different time levels of calculations.
However, one must adhere to a number of common aspects during all assumptions and
provisionalities, violation of which would lead to the incompatibility and unreli-
ability of the results of individual calculations and suggestions.

The general aspects may include the following.

1. The community of optimization, as which reduced expenditures required to achieve
a given result (increase of production, development of transport shipments and so
on) are taken.

2. The energy balance must be optimized and transport must be developed at each
stage of working out the plan as an independent section of investigations to opti-
mize the disposition of productive forces, taking as the initial base the already

available data on development of the economy of individual regions and their con-
sumption of different types of fuels. The problem of fuel for consumers who permit
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replacement of one type of fuel by another is solved by calculations of the energy
balance with regard to transport expenses.

3. The engineering and economic calculators of fuel for expansion or development
of production in one or another region of the country take into account expendi-
tures for production and transport from the fields, which must be brought into op-
eration, i.e., those usually more remote from the consumer. In calculations on
optimization of the sector as a whole, expenditures are usually taken into account
by the closing fuel, which leads to some overestimation of the fuel and consequent-
ly of the transport component.

4. The indicators of shipping fuel by universal types of transport should be iden-
tical to the indicators for shipping other goods. This is determined by the mutual
dependence of expenditures for shipments of fuel, raw material, semifinished prod-
ucts and finished products with different versions of the disposition of production.
It is natural that these indiators should reflect the shipping conditions (the ca-
pacity of the transport facilities used, the level of their utilization, the use

of empty runs and so on).

5. The indicators of different types of transport and production should be com-=
parable to each other in calculations on the disposition and development of pro-
ductive forces. When solving problems of finding the minimum expenses, the non-=
variable part of the expenses of industry or transport may be disregarded.

These and a number of other general aspects of engineering and economic calcula-
tions are discussion types and are not completely shared by some specialists.
However, they are used extensively in practice and serve in the given case as an
initial base for calculating fuel (energy) transport expenses.

Let us consider some concepts on determining the transportation expenses for uni-
versal types of transport. When compiling five-year plans for development of the
energy economy and for disposition of production enterprises, as already indicated,
one proceeds in most cases from the real capabilities for development of fuel pro-
duction in known fields and basins. In working out the plan, calculations are fre-
quently corrected and refined as the capabilities for development of fields or
pasins and also of transport are determined. These calculations are usually made
when the levels and disposition of individual production sectors have still not
been finally determined and when there are no complete data on the load of trans-
port directions. Under these conditions all transport indicators can only be ap-
proximate since the level of transportation expenses, for example, on rail or pipe-
line transport, vary significantly as a function of freight traffic volume.

Further stages of calculations to refine the energy bélance or to select a fuel

for individual consumers require refined indicators of transportation expenses that
take into account not only the characteristics of one or another transportation
facilities but also the conditions of the stages of their development and the level
of loading. Refined indicators of transportation expenses are also required to
distribute shipments between the types of transport and to determine expenditures
on the closing fuel.
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The feasibility of constructing pipelines, electric power transmission lines and
specialized loading-unloading facilities in ports and other structures required to
develop the increasing shipments of fuels with switching of shipments from one
type of transport to another can be substantiated only with consideration of a
number of factoxs that characterize specific conditions for development and func-
tioning of a given transportation facility. These calculations are made with in-
formation on the load of individual mainlines and sections, real expenditures to
develop one or another types of transportation during the period under considera-
tion with regard to analysis and recovery of potential reserves and an increase of
the future carrying capacities of the transportation system.

These concepts led to the conclusion of the need for two types of indicators of
transportation expenses:

1) averaged expenses intended for the first stages of optimization of the
fuel and energy balance and calculations on the disposition and development of in-
dividual sectors of the national economy and other phases when the total load of
individual directions of the transportation system for the calculated period is
still unknown but calculations are made for the entire mass of "old" and "new"
goods, the growth rates of which are close to those typical for a socialist economy;

2) differentiated expenses required to substantiate the distribution of
freight loads between different types of transport and primarily to substantiate
construction of specialized transportation facilities (pipelines of different desig-
nation, electric power transmission lines and so on). These indicators should re-
flect specific conditions for development of transportation facilities and opera-
tion of them. ¢

The first indicators should be worked out for the long term and should be accessible
for use by all organizations conducting investigations on optimum development of in-
dividual sectors of the economy, including the energy economy; the second indicators
can be used by the organization conducting investigations on formation of the coun-

try's unified transportation system or by another organization having information

on transportation at economic communications and the load of individual sections of

the country's transportation system during the periods under consideration.

Main attention is devoted in this book to determining the differentiated economic
full-scale indicators of transportation expenditures required for comparison of dif-
ferent types of fuel (energy) transport with regard to specific conditions of their
development and also to consideration of methods of technical progress in different
types of transportation and their effect on economic and full-scale transportation
indicators.

2.2. Methods of Comparing the Versions of Fuel Transport
All problems on determination of the effectiveness of measures directed toward im-
proving universal or specialized types of transportation, on selecting the most ef-

ficient of them and also on the feasibility of using essentially new types of
transportation reduce to selection of optimum versions.
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It is known that development of the national economy, including development of
energy resource transportation, can be accomplished by different methods. The main
criterion in selection of one or another engineering solution is its economic feasi-
bility, i.e., achieving the minimum reduced naticnal economic expenditures for con-

- struction and operation. The optimum version among those compared is regarded as
that having minimum reduced expenditures. The version is usually selected with re-

3 gard to full-scale indicators with similar values of reduced expenditures "in the
zone of uncertainty."

The preparedness of scientific and design developments, the possibility of organiz-
ing construction organizations within required deadlines according to conditions

of material supply and deadlines, the need for accelerated development of the coun-
try's lagging regions, climatic conditions, operational reliability under special
conditions and so on must be taken into account. However, the main criterion is
the minimum reduced national economic expenditures. If a version with increased
reduced expenditures is taken for one or another reason, the expenditures must be
determined to analyze the losses induced by deviation from the optimum version [28,
29, 33). It is obvious that the comparability of expenditures and the economic
effect of the versions being compared by the time of expenditures and achieving a
saving, the prices adopted to express expenditures and the saving, the nature of
expenditures and the saving from the viewpoint of simple and expanded reproduction,
the range of expenditures included in capital investments and the methods of cal-
culating the cost indicators used to calculate effectiveness and other factors
should be adhered to in calculations of economic effectiveness.

All the versions of capital investments being compared should be reduced to a com-
parable form by all features, except that whose effectiveness is being determined.

The main aspects of comparing the effectiveness of versions have been established
by a standard method of determining the economic effectiveness of capital invest-
ments and the standard method of the effectiveness of new technology of inventions
and innovator proposals [28, 29].

A characteristic feature of developing transportation systems is the step by step
increase of capacities, dependent on the growth of freight traffic volume. Capac-
ity may reach very high values for some types of transportation, which is frequent-
ly achieved only over a prolonged period calculated in decades. There are usually
several methods in this case of increasing capacities and numerous combinations of
a step by step increase of the carrying capacities of transportation systems are
possible. For example, the carrying capacity of a single-track railroad can be
increased by opening up additional sidings, increasing the mass of trains and
equipment by more modern means of communication on train traffic, construction of
two-track inserts, continuous second tracks and the use of a number of other meas-
ures. The carrying capacity of a railroad can be brought up to 60-70 million tons

- and under specific conditions up to 100 million tons. A step by step increase of
the carrying capacity can also he accomplished in river transport, for which cor-
responding development of ports and locks is required. An increase of the carry-
ing capacity in pipeline transport can be achieved by constructing intermediate
compressor or pumping stations and by construction of parallel pipes of different
diameter and loopings.
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Establishing the deadlines for implementing measures on increasing the carrying
capacity and their economic effectiveness requires special attention when solving.
problems of development of transportation devices. For example, the carrying ca-
pacity of a single-track railroad can be brought up to 22-25 million tons annually
by opening additional sidings and can be increased even more by using new types of
rail cars and freight that permit complete utilization of their load capacity.
However, current expenditures increased significantly with this type of loading
due to frequent stops of trains. It is economically more feasible to construct
two-track and to organize nonstop crossing of trains with freight traffic volume
of 20-22 million tons annually, i.e., earlier than is required by conditions of
carrying capacity. A similar aspect can also be created in pipeline transport.
The carrying capacity of an oil or gas pipeline can be increased compared to that
usually achieved by reducing the distance between pumping stations to 40-50 km,
but operating expenses increase in this case. It is more feasible to reduce the
deadlines for laying a parallel pipeline over the entire length or a section of it.

The characteristic features of transport development also include the fact that
- different growth rates of freight turnover and different economic effectiveness of
individual measures to increase the carrying capacity determine the possibility of
developing increasing freight traffic volumes on many types of transport by several
methods. These characteristic features of developing transportation facilities make
it complicated to find optimum versions when establishing a step by step increase
of carrying capacity and consequently of selecting the type of transport to supply
different consumers with fuel and also to supply the energy complex. Since the
problems related to improvement of transportation factilities, especially for fuels
when one is concerned with several interchangeable types of transport, are based on
inadequate information and one must introduce a number of assumptions and conditions.

At the same time achieving results that reflect real national economic expenditures
with one or another version requires compulsory provision of the variability of
calculations of the indicators of transport devices that participate in the compar-
ison. Obviously, expenditures for all facilities, outlays for which can be used in
adopting at least one of the versions, must be included in the calculation. This
aspect provides the lhasis to select versions by two methods [32, 33, 59].

The first method assumes calculation of the total expenditures for all facilities
included in the comparison. For example, when solving the problem of selecting the
type of transportation between some terminals, one must take into account expendi-
tures for all existing transportation systems and those planned for construction in
the test area under investigation along which the freight traffic volume can be
directed. The given aspect can be illustrated by example of selecting the most
feasible version of fuel transport in the test area of a transportation network
(Figure 2.1).

Supply of region B with petroleum products can be resolved by one of the following:

1) by construction of a pipeline between the location of the oil-refining
plant A and region B;

2) by strengthening the rail line between regions A and B to ship petroleum
products from the plan to the oil depot at point B;
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Figure 2.4. Test Area of Transportation Network Under Consideration During
Construction of a Product Pipeline: 1l--railroad from oil refin-
ing plant at terminal A to terminal B; 2--railroad to port; 3--
river route; 4--pipeline '

3) by organizing shipment of petroleum products between these points in mixed
rail-water transport, which requires strengthening of the railroad sections A-C and
accordingly of developing a waterway on the leg C-B with construction of tank depots
at its destination points and also by completing other work that provides uninter-
rupted supply of region B with petroleum during the period between navigation
seasons.

Adoption of any of three solutions is reflected in the operating indicators of the
other two. If, for example, a petroleum product pipeline is constructed, the oper-
ating indicators of rail or mixed rail-water transport will be different from those
of this transport provided that the fuel flow only be directed along one of them
without construction of a petroleum product pipeline. In this case the operating
indicators will vary not only for fuels for which the means of transportation is
being selected but also for other freight transported in the given case by uni-
versal types of transport. Depending on specific conditions (engineering parameters
load and so on), the expenditures on these types of transport for the remaining
goods may decrease or increase, which is naturally reflected in the indicators of
the effectiveness of product pipeline construction from the viewpoint of the na-
tional economy as a whole and cannot be taken into account when solving the postu-
lated problem. Accordingly, the total reduced expenses must be determined for
each version to determine the optimum solution.

Compar ison of the reduced expenditures determined for the case of transporting
goods along each of the routes should be the basis for selecting the most econom-~
ical of them. Experience shows that these calculations are very cumbersome and
require information on the loading of existing transport structure now and in the
future and on the presence of reserves of carrying capacities and other data.

The second method also assumes comparison of all changes of transportation and re-
lated expenditures for all transportation-economic communications of the test areas
under consideration, including those along which the flow is not sent in the given
version, but may be sent in some other version. However, only the expenditures in
the variable part are taken into account. The expenditures which are fixed in all
versions are not taken into account. Only the variable expenditures are taken into

- account that are usually linearly dependent or close to dependent (in a specific
range) on the volume of shipments. All calculations are simplified since only
specific expenditures are taken into account. The validity of this assumption can
be shown on the example of two rail lines.
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With the first method, the difference of expenditures a according to the versions
being compared, expressed by total expenditures, can be determined by the formula

a= P"|E"|+P'QE"-J(P'|E'|+P”’E”’) ' (2 . 1)

where P; and Pz are the freight traffic volume (or transport work) on, the flrst
line under the initial conditions and with an additional fuel flow, P2 and P5 are
the same freight traffic volume on the second line, E. and E2 are the total specif-
ic expend;?ures on the first line in the initial aspect and with an additional fuel
flow and E, and 32 are the same figures on the second line.

With the second method, i.e., with consideration of only the variable expenditures

AE for each of the lines being compared that occur with regard to passage of an ad-
ditional freight flow along it, they can be compared to each other by the formula

a=A43,—A3;. . (2.2)

It is easy to ascertain that the second method is a modification of the first

P)\E'\=3y; P'3E'y=23y; (2.3)
P"\E" =3yHA3; (2.4)
P"E"y=3r+83s (2.5)
Then
a= (914 A3|-I-3':)—(3'|+3'H‘631)=A3|-‘A31- (2.6)

Thus, determination of the transportation expenditures occurring with regard to the
basis of a newly appearing fuel flow, and this is also valid for any goods, by cal-
culation of the total expenditures or their variable part for each test area essen-
tially yields identical results.

The basic principle of comparison is frequently violated in calculations by the
first method (for total expenditures) since changes in expenditures on all transpor-
tation lines participating in the versions being compared are not taken into account
or the variation of specific expenditures occurring with variation of the volume of
shipments is not taken into account. As a result the calculated transportation ex-
- penditures considerably exceed the actual expenditures, especially on traditional,
universal types of transportation. To confirm this conclusion, let us consider the
example of determining transportation expenditures to ship coal from station A to
an electric power plant if it is located at station B or C located from station A
at distances of A - B = 200 km and A - C = 250 km, respectively. Let us assume for
clarity that the reduced specific expenditures on the railroad under its existing
load are identical over the entire length and comprise 3 kopecks per 10 km. It
would seem in this case that expenditures to deliver one ton of fuel to the elec-
tric power plant if it is located at station B will be equal to 0.60 ruble and if
it is located at station C will be equal to 0.75 ruble.
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An increase of expenditures péer ton of fuel will comprise 0.15 ruble if the electric
power plant is located at point C compared to its location at station B or the ex-
penditures for the entire volume of fuel shipments for the electric power plant

will be equal to 450,000 rubles annually. However, this is not true in reality.

The specific shipping expenditures on the line with the appearance of an additional
freight traffic volume vary and they vary not only to ship coal (the additional
freight traffic volume), but also for all other freight shipped on this line. The
permanent part of the expenditures will be distributed for a different volume of
shipments.

The specific expenditures usually decrease with an increase in the flow of shipped
goods if the additional freight traffic volume does not lead to significant over-
loading of the transportation facilities or to expensive operations to increase car-
rying capacity. In the given case, based on conditions similar to the average con-
ditions for rail transport, the specific expenditures can be divided into two parts:
Eggst = Elim = 0.5 E,,, where rSt is permanent expenditures that can conditionally
be taken 38 independent of the volume of shipments and Eégm is variable expenditures
in proportion to the freight traffic volume.

If six million tons of freight passed through the section prior to construction of

the electric power plant and if construction of the electric power plant increased

the volume to nine million tons, then this causes an increase of expenditures only

in the variable part E%%m = 1,5 kop/10 t-km. With a volume of six million tonms,

these expenditures comprise 9,000 rubles annually per kilometer and with shipment of

coal with total volume of nine million tons it comprises 13,500 rubles. However,
- the permanent expenses over the entire length of the line remain fixed, equal to
05 Epy = 1.5 kopecks per 10 t-km or 9,000 rubles per kilometer regardless of whe-
ther there is an additional volume of flow for the electric power plant or not.
Hence, the specific expenditures Epr comprise 2.5 kopecks per 10 t~km with addi-
tional coal for the electric power plant. The total expenditures for shipment of
all freight over line A-C then comprise 5.4 million rubles with the electric power
plant located at point B and 5.625 million rubles with the power plant located at
point C.

An increase of transportation expenses with the electric power plant located at
point C rather than at point D will comprise 5.625-5.400 = 0.225 million rubles
rather than 0.450 million rubles, as would be the case if the change in the struc-
ture of expenditures were not taken into account. We find the same results if we
use only the variable specific indicators izm 14 the case under consideration,
an increase of expenditures to ship coal with regard to the electric power plant
being located 50 km from the point of coal production comprises 50-3,0-106:0.0015 =
= 0,225 million rubles annually.

The given concepts show the possibility of making calculations for total and supple-
mentary expenditures with regard to all changes occurring in the country's trans-
port network with the considered versions of fuel and other freight traffic volume
distribution; determination of expenses for the entire test area with regard to var-
iation of its load requires special attention. It should be stipulated that calcu~
lations can be carried out on permanent and variable expenditures and calculations
on the variable part of expenditures permit rather accurate accounting of the
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tranéportation expenses by versions. At the same time they reflect the real na-
tional economic expenses, but do not coincide with existing tariffs, since perma-
nent expenses are also taken into account in the latter. The values calculated

for total expenses for individual routes and sections of the transportation network
also do not coincide with the tariffs, which are averaged values.

The difference between the real national economic expenses and existing tariffs
indicates the impossibility of using tariffs when comparing versions.

When selecting the type of transportation, it is more important to take into ac-
count the variation of real national economic expenses by the variable part than to
determine them from tariffs, even more so since tariffs change periodically [47].

Errors frequently occur due to incorrect establishment of the level of dependent
(variable) and independent (permanent) expenses. Let us assume that a route must
be selected to ship one million tons of freight over one of two transportation
routes 200 km long with the following characteristics. The dependent expenditures
on the first route are equal to 0.2 kop/(t-km) and the independent expenditures

are 40,000 rubles/km with a volume of 20 million tons, while the dependent expendi-
tures are equal to 0.1 kop/(t~km) and the independent expenditures are 60,000
rubles/km with volume of 10 million tons on the second route. It is obvious that
the additional volume could be carried over the second route where the dependent
expenditures are one-half as much. In this case the total expenditures over both
routes comprise 30.2 million rubles. However, the total expenses on the first
route are lower (0.4 kop/(t-km) compared to 0.7 kop/(t-km)). The total expenses
are very frequently the basis for making decisions on the direction of freight traf-
fic volume. There is an increase of total expenditures by 0.2 million rubles, i.e.,
to 30.4 million rubles, in the give example when additional freight is shipped over
the first route with lower total expenditures.

Consequently, when the versions are compared one must determine the increase of
expenditures for possible transport versions over all routes on which indicators
may vary with the appearance of additional freight traffic volume and as a result
of comparison, one must select the more economical route.

In the practice of design and planning of systems development, the economic indi-
cators are always determined for the additional freight traffic volume.
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Chapter 3. Rail Transport of Fuels

3.1. The Role of USSR Railroads in Fuel Transportation

puring the past 20 years, the engineering and economic’ indicators have improved
considerably on the rail transport of the Soviet Union. Although the length of
general-purpose railroads was increased comparatively slowly (by approximately )
1,000 km annually), their technical equipping increased rapidly and made it possible
to assimilate the increased freight traffic volumes, including fuels. The freight
traffic volume of the railroads increased from 602 billion t-km in 1950 to 2.45
trillion t-km in 1970 and 3.33 trillion t-km in 1977. During this time the freight
traffic volume .of fuels (coal, coke, oil and petroleum products) comprised 34.5,
35.8, 32.8 and 30.9 percent, respectively, of the entire freight turnover. The de-
crease in the specific weight of fuels was the result of developing pipeline trans-
port and improvement of the country's energy balance [30,55, 56].

- The basic direction of technical progress in rail transport that made it possible
to sharply increase the freight intensity of the network was redesign of traction
(extensive electrification and introduction of diesel traction) with simultaneous
replacement «f two-axle rail cars with four-axle cars, modernization and strengthen-
ing of the upper track structure, means of communications and other components of
facilities. The length of electrified railroads increased from 3,000 km in 1950 to
40,500 km in 1977. The most freight intensive, mainly two-track, mainlines were
electrified.

Experience showed that electrified mainlines with modern technical equipping assim-
ilate freight traffic volumes up to 100 million tons or more, including fuels of
approximately 40-60 million tons annually, and operate rather reliable and economic-
ally. All this made it possible to improve the engineering and economic indicators:
the cost of shipments was reduced from 4.86 kopecks per 10 t-km in 1950 to 2.48
kopecks in 1975, This reduction in the cost of shipments made it possible to sig-
nificantly reduce national economic expenditures for transportation of coal from
the eastern basins and to expand the boundaries of their effective use. The coal
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of the Kuznetsk basin began to be delivered west of the Urals, to the Volga region
and in some cases to the Center.

The effect of variation of the engineering. and economic indicators on expansion of
the coal transportation area and formation of the energy balance can also be con-
sidered in the experience of the United States.

A number of measures has been implemented on the coal-hauling railroads of the
United States that made it possible to significantly improve the engineering and
economic indicators of this type of transportation. They primarily include:

the use of specialized gondolas with capacity of 91 tons that provide rapid
unloading of coal without manual cleaning;

the use of remote locomotive (diesel) control equipment located among cars
from the pilot locomotive, which made it possible to drive a train with mass up to
20,000 tons or more;

organization of special "shuttle" coal trains formed up between large mines or
coal-collection stations and large electric power plants according to a strict
schedule, which makes it possible for the electric power plants to operate without
cumbersome stores of fuel;

organization of coal~-collecting stations in coal basins to which coal is de-
livered from small mines and where "shuttle" trains are formed up.

All these measures made it possible to considerably reduce expenditures for crew
payment and as a result to reduce tariffs. Variation of expenditures for production
and transport of coal is obvious from the data presented in Table 3.1.

A decrease of prices for coal and improvement of the regularity of delivery to the
electric power plants led to the fact that this type of fuel was in some cases com-
petitive with oil and gas. In combination with electric power transmission lines
(with the electric power plant being located outside populated regions), a reduc-
tion in cost of coal transportation made it possible to expand the sphere of use of
coal fuel [70, 71].

Thus, improvement of rail shipments of coal induced a nﬁmber of far-reaching conse-
_ quences in the field of development of both energy capacities and of the fuel in-
dustry and in the final analysis in the structure of the fuel and energy balance.

During the past few years, with regard to the energy crisis, the process of further
development of power engineering with rail shipment of coal is being developed,
and, judging by data from the literature, will also be developed in the future.
According to forecasts of the National Petroleum Council of the United States, coal
consumption will increase from 544 million tons in 1974 to 890 million to 1.09 bil-

lion tons (metric tons) in 1985. During this time the coal consumption by electric
power plants will increase from 350 to 590-635 million tons, respectively.
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Table 3.1.
- (2 ) 3arpath, AcAR/T
(1) ’ (4) "ocRe peoprammim
TloxazaTem
Ao 1966 r. AT KpyMibX AT MEAKHK
(3) (s)man (G)IIIIK‘I
Tlobtua yras B waxtax (7). . . . . . . . 4,41 4,41 4,9%
Tpauonopx' 10 uamc-rgm.nu 8y . ... ... 3,86 2,20 2,20
Tpascnopr A0 YraecOopo4HuX CcTaHuHfi W mnepe-
rpyskn (9) . L. . oo oo —_ — 0,67
BCCI‘O(lo). ............. 8,27 6,61 7,83
Key:
1. 1Indicators 7. Coal production in mines
2.  Expenditures, dollars/ton 8. Transport over mainline
3. Prior to 1966 9, Transport to coal=-assembly
4. After reorganization stations and transloading
5. For large mines 10. Total

6. For small mines

It is planned to use rail shipments usually by block trains to ship coal where there
is no possibility of using water transportation. Despite the extensive development
of water shipments, 65 percent of the coal mined in the country was shipped by rail
in the United States in 1974. Since the fields most favorable for mining are lo-
cated far from rivers, the fraction of rail shipments will increase in the future.
Only the development of pipeline transport of coal may affect the growth rates of
coal shipments., However, even if all the available programs for development of

coal pipelines are fulfilled (up to 8,000 km), the volume of coal shipments by rail-
roads will increase significantly.

A large part of the measures implemented by United States railroads (block trains,
coal-collecting stations, the high level of using rolling stock, an increase of
train mass and so on) was implemented earlier to one degree or another on the rail-
roads of the Soviet Union.

Further improvement of fuel shipments and improvement of their engineering and
economic indicators on domestic railroads have their own characteristic features
that follow mainly from the high loading of the railroad network. Assimilation of
newly occurring shipments usually requires not only corresponding supplementation of
the rolling stock pool but also an increase of carrying capacity and in some cases
construction of new rail lines.

It should be noted in this case that an increase of carrying capacity of a number
of rail routes is complicated by their high load in which construction work requires
prolonged periods and increased expenditures. However, despite these difficulties,

the role of rail transport in formation of the country's fuel and energy balance
will increase for conditions of the Soviet Union [55, 56].
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The reduced expenditures for coal in most regions of the European USSR for long-
distance Kuznetsk and concentrated Kansk-Achinsk coal are lower than the cost of
coal from the Donetsk, Pechora and Moscow basins. Imported coal is similar in many
regions by reduced expenditures to those for gas fuel of the northern fields of
Western Siberia with regard to the saving from improving the consumption conditions
at electric power plants. Therefore, one should expect a further increase of coal
shipments from the east to the west and primarily for production purposes: coke,
semicoke, concentrates for coking, special grades of energy coal (lump semicoke and
high-quality briquettes for domestic needs) and energy coal for heating and electric
power plants and in some regions of the country to supply power to condensation
electric power plants, especially those operating in the semipeak mode of the load
schedule.

Rail transport occupies the leading position in shipment of petroleum products, only
approximately half the petroleum products can be pumped over petroleum product pipe-
lines. Mazut, oils and a number of grades of light petroleum products of increased

quality or those produced in small quantities and at oil refining plants remote from
consumers will be transported mainly by rail transport.

Despite the fact that the fraction of fuels in the total general-purpose rail ship~
ments will be gradually reduced (34.5 percent in 1965, 31.5-32 percent in 1975 and
28-29.5 percent in 1980), the actual volume of fuels increased by approximately 15
percent during the five-year period from 1965 to 1970 and it increased by 18-20
percent during the five-year period from 1971 to 1975, and a further increase of
shipments is anticipated during the current five-year plan. The fraction of fuel
shipments in the more remote future will continue to decrease, but the rate of this
decrease is now difficult to imagine. This will depend on the structure of the fuel
and energy balance, the scale of oil and gas production, the ratio of expenditures
to production and transport, the rates of development of nuclear power engineering,
involvement of large masses of Kuznetsk and Kansk-Achinsk coal and the fuel and
energy balance of the European regions and the Urals and development of pipeline
transport of coal fuel or development of long-distance electric power transmission
lines.

The given data indicate the need for further improvement of the hardware and organ-
ization of shipment of fuels on railroads.

3.2. Basic Directions for Development of Railroads

Analysis of the prospects for development of the Soviet Union and its transportation
system leads to the conclusion that rail transport will remain the main type of
freight transport in the foreseeable future for long and medium distances for most
freight, except oil and partially of petroleum products. Despite switching a number
of goods to specialized types of transport and despite accelerated development of
more high-speed and convenient passenger traffic, the work of the railroads will in-
crease, although at lower rates.

The change in loading of the railroad network is of special interest under these
conditions to judge the effect of shipping fuels on the development of railroads.
The freight intensity (freight turnover per unit length) of individual sections of
the railroad network is extremely nonuniform and on some lines exceeds 60 million
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tons-km/ (km*year) in one direction, but the total length of sections with this load
is insignificant. The length of lines with load from 40 to 60 million t=-km/ (km-year)
in the loaded direction is also low. The optimum freight intensity of two-track
railroads with modern hardware is at the level of 50-90 million t~km/ (km-year) in
the loaded direction depending on the structure of the freight turnover, the length
of the receiving-dispatching tracks and the dimensions of passenger traffic. A
number of loaded sections and routes operates rather reliably with freight intensity
exceeding 70 million t-km/(km-year) in the loaded direction and with rather inten-
sive passenger traffic. As already pointed out, there are sections of railroads
where the freight intensity reaches approximately 100 million tons-km/ (km-year).
However, parallel railroads constructed to relieve them are sometimes not fully
loaded. Therefore, the railroad network can be developed by construction to assim-
ilate additional shipments for increasing the carrying capacity on individual routes
or sections of railroad and also to supplement the rolling stock fleet.

One must also take into account in this case the general nature of variation of the
load of railroads: the freight traffic volumes in the loaded direction remain rel-
atively stable only on an insignificant part of the network of single=-track (7-12
percent) and double-track (3-5 percent) lines, while a continuous increase of ship-
ments of all freight occurs on the remaining length of the railroad network.

There may be two methods of increasing the carrying capacity of railroad routes:
making the railroad network denser by construction of new routes parallel to exist-
ing routes and ‘converting to mainlining--development of mainlines with very high
carrying capacity and inexpensive shipments on the basis of existing railroads.
Development of domestic rail transport confirmed the fruition of ideas of mainlin-
ing proposed earlier by the GOELRO {State Commission for the Electrification of
Russial] plan as the basic direction for development of transportation [3].

Analysis shows that there is the possibility on all main rail routes parallel to
existing loaded mainlines to develop new railroad routes with high carrying capac-
ity by constructing individual missing sections of relatively short length and
construction of second tracking on existing single-track sections included in the
mainline being created. An exception are regions of the Far East and the Urals-
Center where the Baykal-Amur Mainline Railroad is under construction.

Under these conditions the problems of fuels shipment faced by railway transport
can be divided into two types.

The first type of problem is development of a relatively slow increase of coal
shipments and shipments of petroleum products. This problem arises if a further
improvement of the energy balance of the European regions and the Urals occurs due
to development of nuclear power, an increase in the specific weight of gas fuel
and extensive development of pipeline and other specialized types of energy trans-
portation (coal pipelines and electric power transmission lines), then an increase
in the volume of coal shipments from the eastern basins by rail will be relatively
slow and will not exceed 130-150 million tons annually in the foreseeable future.
In this case concentration of coal volumes on individual routes may be no more, for
example, than 20 million tons and it may reach 60-80 million tons on each route
from the Ekibastuz and Kuznetsk basins [2, 72, 73]. This transportation support
may be achieved by increasing the carrying capacity of the existing railroad
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network, by improving the rolling stock, by rearrangement of single-track rail-
roads to two-track railroads with conversion of them to large mainlines and by
developing new routes by improving the configuration of the network.

The second type of problem is to deliver large amounts (for example, more than
180-200 million tons annually) of coal from the Kuznets, Kansk-Achinsk (concen-
trated) and other eastern basins to the Urals and to the European USSR, i.e., an
energy complex will be developed by extensive involvement of the coal of eastern
regions. This is possible with development of a special large-capacity mainline.
A specialized mainline can be developed on the basis of a railroad by restructur-
ing a number of sections and fundamental reconstruction of lines already
constructed.

A characteristic feature of railroads is the capability of increasing their carry-
ing capacity by increasing the mass of trains and by increasing their number. Thus,
the carrying capacity for a single-track railroad was established at 12-36 pairs of
trains per day with length of the receiving-dispatching tracks of 850 or 1,050
meters. The carrying capacity will be brought up to 180 pairs of trains per day,
i.e., will be increased 5.7-17-fold, with double-track railroad mainline with mod-
ern communications devices that provide a succession of trains at intervals of 8
minutes. Even higher carrying capacities are achieved on short, primarily suburban
sections. At the same time, the mass of a train can be increased by lengthening
the receiving-dispatching tracks and introducing rolling stock with increased load
per meter of length.

In practice the carrying capacity of a railroad constructed according to specifica-
tions of category I (3-5 million tons annually) can be brought up to 80-100 million
tons annually in the loaded direction with subsequent development.

The use of eight-axle gondolas and tank cars is possible in the future for shipping
fuels, which will make it possible to increase the carrying capacity of double-
track electrified mainlines by an additional 30-35 percent and to bring it up to
120-130 million tons annually with length of receiving~dispatching tracks of ap-
proximately 1,050 meters [59, 60].

The effective carrying capacity of a railroad section or route determined by exist~
ing hardware and also by the number of pairs of passenger trains and volume of
shipments to service local consumers and the possible carrying capacity which can
be achieved with complete development of the railroad to a double-track mainline
with modern hardware that provides passage of 144-180 pairs of trains of a parallel
schedule should be distinguished. However, this carrying capacity permitted by
permanent devices with corresponding support with rolling stock is not optimum.

The optimum carrying capacity is somewhat lower than the possible capacity with
complete use of permanent devices. The presence of a reserve that provides high
operating indicators and operating stability of the route is required to achieve
minimum transportation expenses.

The problem of passing an additional flow of fuels and other freight over one or
another section or route of a railroad network with existing hardware and the num-
ber of rolling stock is solved on the basis of the effective reserves and other
conditions and is related to problems of operational planning. Consideration of
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routes and indicators of conversion from the actual to the possible carrying c§pac-
ity and the use of this increase to ship fuels is of great interest for analyzing
the engineering and economic indicators of fuel transport.

3.3. Methods of Increasing the Carrying Capacity of Railroads
a) The Mass of ‘Trains

As is known, the mass of a train is determined by the length of the receiving-
dispatching tracks, the load capacity of rail cars and the level of their utiliza-
tion. Electric and diesel traction makes it possible to achieve any tractive

force and capacity by sectioning with control from the front locomotive section.
Therefore, trains of any mass formed up according to the length of the receiving~
dispatching tracks of stations can essentially be made up. During the past decades
practically all basic directions of the railroad network were reconstructed and

the receiving-dispatching tracks were lengthened to 850 meters and on some routes
to 1,050 meters. Therefore, the reserves for increasing the mass of trains by a
further lengthening of receiving-dispatching tracks have essentially been exhausted.

When constructed new rail mainlines, the length of the receiving-dispatching tracks
can be any length. There is positive experience in laying out a mainline under
valley conditions of terrain with the possibility of lengthening the receiving-
dispatching tracks to 1,700 meters. The use of station tracks of this length on

.railroads constructed under less favorable conditions causes an increase in con-

struction cost, but is also possible. Preliminary developments showed the possi-
bility of developing a mainline with access of trains on it with double length of

2 X 850 or 2 X 1,050 meters. However, trains of this length can be used only in
construction of a new railroad or fundamental reconstruction of existing, primarily
single-track railroads.

Improving the parameters of coal gondolas and tank cars may provide large reserves
for increasing the carrying capacity. Shipment of coal or petroleum products in
eight-axle cars, especially those constructed according to dimensions 1-T, in-
creases the running load per meter of train length from 5.8 to 8 and even 8.5 t-f/m,
i.e., by 38-45 percent (Table 3.2). The fuel-carrying capacity of railroads ac-
cordingly increases without increasing the number of pairs of coal or tank-car
trains [20, 21].

Restrictions on overall dimensions and the strength of artificial structures
(bridges and overpasses) prevent a further increase of the load capacity of rail
cars or rather of load per meter of train length. Eight-axle rail cars with dimen-
sion T carrying a load of more than 9 t-s per meter of length will be able to be
operated in the near future only on closed routes.

Improving the stock of gondolas to ship coal and tank cars, besides increasing the
carrying capacity, should also solve two other problems: reducing coal losses dur-
ing shipment and increasing the operating reliability of the rail car stock and
consequently of railroads as a whole.

Coal losses now comprise up to 1.5 tons for each gondola with capacity of 60 tons
or up to 20 percent of the transported coal. When coal is transported only from
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Table 3.2,
W [ @ |8 @ (5) | mamo | nf7) (8)
ot B 7ot I ol T Bl B
cceft Taapnt euu:cn. . uucrelw.' " ‘“xll:"m“u j i
f&?r}naz«mu C 2.1yXUM N0AOM
1-T 95 30,0 107,0 16,4 7,60 1,11
g T 95 31,5 116,0 16,7 8,05 1,23
6 T 97 28,7 16,4 14,0 9,0 1,2
8 1-T 127 41,56 133,0 19.8 8,5 1,08
8 T 132 40,0 187,0 19,1 9,0 1,18
8 T 128 39,9 153,6 18,7 9,0 {,2
(10) lucmepun
O-T 0w 33,0 9,0 16,0 8,0 1,10
g T 920 35,6 100,0 14,0 9,0 1,10
8 1-T 120 18,0 136,8 21,1 8,0 1,12
8 T 120 48,0 146,0 16,4 10,2 1,2
8 T* {28 48,0 153.6 18,0 9,78 1,2
*Design developed for Baykal-Amur Mainline Railroad
Key:
1. Number of axles 6. Length of automatic coupler along
2, Overall dimensions axles, meters
3. Load capacity, tons 7. Running lcad, t-f/m
4. Tare, tons 8. Specific volume, m3/t
5. Volume of body or boiler of 9. Gondolas with blind floor
tank car, m3 10. Tank cars

the Kuznetsk basin, more than 2.5 million tons of coal is lost annually and the
nonproductive expenses throughout the country as a whole due to coal losses reach
several tens of millions of rubles [60].

The main causes for coal losses are gaps in the body (and doors and unloading
hatches) and loading gondolas from the "top." Therefore, reducing coal losses by
covering it with mastic, spraying it with oil and packing the surface of the coal
with rollers does not eliminate the main causes.

As can be seen from the data of Table 3.3, calculated for average distance of coal
shipment, the minimum losses due to wind occur when gondolas are loaded to the
level of the sides or higher up to 100 mm. However, with existing gondolas, this
loading leads to significant losses due to incomplete utilization of load capacity.

The volume of a gondola body constructed according to dimension 1-T, is increased
by approximately 12 percent, which makes it possible to load coal into the car
without a "cap" and at the same time to improve the running load of the car.

Eight-axle gondolas constructed according to dimension T with false floor and spe-
cific body volume of 1.18-1.20 m3/t have good indicators. They completely
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eliminate losses due to coal spilling through leaks in hatches and removal of fine
coal fractions due to wind when gondolas are loaded with a "cap." However, these
gondolas will find application only on individual routes in the near future.

Table 3.3.
v'o( |J,$ l + ¢ Totepit yrau or
(1)E;' &2) 31:momy.\?t,;l m:;:‘yi%: o g - i! § mlorw:n l:u_\nmm
e El v | serom, | . § g3 | &% | merom
; cﬂi ] ne. (5)1' Fiyﬁ i s | 22 T M.
64 0 - 2,56 (21,30 100 | 58,2 8.9 10,89 10,2t | 1,78
ggg 63‘1) 0,6 1,05 2,10 115,50 0 |552} 8,9 16,91 0,22 11,8
400 | 62,4} 1,7 3,01 1,52 |:2,901( —100] 62,2 11,91 23,30 | 0,70 | 5,9
300 }61,6] 2,5 1,48 0.92] 7,801 —200! 49,31 14,8 | 30,22 0,94} 7,70
200 | 59,9 | 4,2 7,62 0,60 509
Key:
1. Height of cap, mm 5. Coal losses due to wind
2. Load of rail car, tons 6. Tons
3. Underloading, tons 7. Rubles

4. Losses due to underloading of
rail car, rubles

Investigations of the designs of large-capacity tank cars for the Baykal-Amur
Mainline showed that the internal diameter of the cylindrical part of the body
must be increased to 3,400 rm to increase the engineering and economic efficiency
of tank cars. Efficient use of dimension T and the optimum parameters of tank
cars will provide a decrease of reduced expenditures by 8.5-9 percent and will
permit an increase of the carrying capacity of the mainline by 26-27 percent [19].

Thus, the basic directions for further improving the hardware of railroads in fuel
shipment are convergent to dimension 1-T and subsequently to dimension T and im-
provement of the parameters of loading capacities.

Extensive use of eight-axle gondolas and tank cars of dimension 1-T and subse- -
quently of dimension T may be regarded as the most effective direction of assim-
ilating the increasing fuel volumes with minimum expenditures for development of
permanent devices: capital investments are requireé only for construction and
adaptation of loading devices (rail car tipping devices and unloading tracks) and
energy supply devices on some sections with electric traction.

b) The Carrying Capacity of Railroad Sections

A characteristic feature of rail trangsport is the possibility of step by step de-
velopment of carrying capacity usually sccomplished as needed., The approximate
values of the carrying capacity of railroads at the main phases of technical equip-
ping are presented in Table 3.4.

An increase of carrying capacity above 144-180 pairs of trains is possible by con-
structing additional main tracks or reducing the traffic interval of trains. How-

ever, this concentration of shipments on a single mainline is unfeasible and used
only on short suburban sections.
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Table 3.4.
(2) Kanuta. AM nep x
o e npoay 9 cnocol-
(1) Pacuctibie reauey ‘3): ;.:::YM "
Srama PAIBUTIE KEICINOAOPOKIOTO Y RACTKE noe3nos Il.lll);;'ln-“ 5
LALHOTO i .
* L] cyﬂm “.u:l::u?l“ml:lﬂ ua | napy noesaos
@)
fe
Opnonytnan xeaestan 1para ¢ veu-
NOBO3HOR THArof, 10NyaBTOMATHUECKOR
Gnokuposkoli K pa3zveaiamn fiepsoit
ouepeat . . . . . . . e 10—12 —_ —
Otkphitiie paaneanos stopoii ouepenn(y)  18—24 10,0 0,8—1,2
OrxpriTHE Beex pa3nLes’nos . 36—42 20,0 1,4—1,7

CTpOHTENLCTBO ABYXNYTHLX BCTABOK,
aptoGnokuposk w1 Aucneryepckoh (9)
UEHTPA/NNIALMY IPIl TENNOBOINOR TATE 60—70 200 6,5-7,2

CTPOITEABCTDO  CIAOMIIBX  BTOPHIX
nyreA c astobaoxuposkod npn tenno{10)
po3nol TArE W MHTEpBAne ABHIKEHHA

noeagon 10 Mum . . . . . R 144 370 3,3—-4,0
dnektpudmkauns THrH HA ABYXNYT- (1)

HOA JINNH ® AOBEeNeHHE MHTEPBaJIOR

ABHMKEHHR NOE3ROB A0 8 MuH . . . 180 140 3,9—4,0

Notes: 1. Expenditures for electrification and construction of two-track inserts
and double tracking are partially repaid and those on sections with intensive traf-
fic are fully repaid by a saving of operating expenses.

2. Expenditures for construction of double tracking are given for the
case of laying them on a single-track line. .

Key:
1. Stages in development of a railroad section.
2. Calculated dimensions of traffic of a pair of trains of a parallel schedule
per day
3. Capital investments for conversion to the next phase of carrying capacity,
thousand rubles
4., Per kilometer of operating length
5. Per pair of trains
6. Single-track railroad with diesel traction, semiautomatic blocking and sid-
ings of first unit
7. Opening of sidings of second unit
8. Opening of all sidings
9., Construction of two-track inserts, automatic blocking and centralized
traffic control with diesel traction
10. Construction of continuous double tracking with automatic blocking with
diesel traction and 10-minute interval of train traffic
11. Electrification of traction on two-track line and bringing train traffic
intervals up to 8 minutes

It is obvious from the data of Table 3.4 that the least capital investments are.
required with opening of additional sidings on single-track railroads. After this
possibility has been exhausted, the most effective is construction of double track-
ing and construction of two-track inserts may frequently be adequate for the in-~
itial period. Construction of double tracking now and in the near future is the
basic direction for increasing the carrying capacity of railroads.
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As the number of train pairs increases, losses to their passing and crossing due
to delays of trains for repair of track and the contact system increase and losses
with random interruptions of traffic due to external factors (snow removal, damage
of devices by floods, damage to energy supply devices by lightning and so on) and
also as a result of random breaks of track and breakdowns of rolling stock increase
sharply. The higher the utilization factor of carrying capacity, the longer the
time required to introduce train traffic to a normal schedule and the higher the
delays of rolling stock and economic losses. The optimum carrying capacity is
considerably below the calculated capacity.

A schedule of variation of expenditures related to train delays on a two=-track
railroad with electric traction having high passenger train traffic intensity and
low linear load of freight cars (lightweight freight) is shown as an illustration
in Figure 3.1. For the given case the minimum transport expenses occur with
freight traffic volume in the loaded direction of approximately 40 million tons.
Expenditures begin to increase sharply with a further increase of volume and it
becomes feasible to carry out reconstruction work on the section under considera-
tion or on a parallel route and to switch part of the freight traffic volume to it.
With average scope of passenger traffic (15-20 pairs of trains per day) and average
linear load of the train, the optimum locad level of two-track railroads occurs with
freight traffic volume of approximately 60-90 million tons annually. With higher
loading, the operation of railroads becomes unstable: slight disruptions lead to
prolonged interruptions in traffic, mass lateness of passenger trains, delays in
movement of freight, maneuverability is lost and specific expenditures increase.
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Figure 3.1. Nature of Variation of Reduced Expenditures on Two-Track Rail-
road with Increase of Freight Turnover: l--10-minute interval
of trains travelling in the same direction with length of re-
ceiving-dispatching tracks of 850 meters; 2--10-minute interval
with length of receiving-dispatching tracks of 1,050 meters;
3.-8-minute interval of trains travelling in same direction with
length of receiving-dispatching tracks of 850 meters; 4--8-minute

- interval with length of receiving-dispatching tracks of 1,050
Key: meters.

1. Specific reduced expenditures, thousand rubles/km
2. Freight traffic volume, million tons/year
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The optimum load level is shifted toward large freight traffic volumes with a high
specific weight of fuels and consequently with heavier trains, since this is pri-
marily determined by the number of pairs of return trains and the level of utiliza-
tion of carrying capacities.

Railroads operate stably with handling of 100-110 pairs of freight and passenger
trains per day and with high specific weight of fuels, providing shipment of up to
80-100 million tons annually in the freight direction. The optimum carrying capac-
ity is increased even more with eight-axle gondolas when the number of train pairs
with fuels is 30-40 percent lower than with four-axle gondolas. With handling of
120-140 pairs of trains per day, sections of even relatively short length, with
the exception of short suburban sections, operate rather stably and are usually
relieved of their load due to switching of the train flow to parallel routes or due
to construction of relief lines.

One can assume handling of 30-36 pairs of trains per day for single-track railroads
with diesel traction under optimum loading, depending on the disposition of indi-
vidual terminals and the characteristics of the other elements of technical equip-
ping. The maximum carrying capacity of single-track rail sections during shipment
of diverse freight and the average load for the system per rail car axle reaches
20-22 million tons with passage of 10-15 pairs of passenger trains per day. How-
ever, the operating and engineering and economic indicators with this load are low,
for example, section speed comprises 50-60 percent of route speed and in some cases
is even lower. Losses due to delays of trains are so significant that it becomes
economically feasible to construct two-track inserts or double tracking.

When constructing single-track railroads especially to ship fuels with low passen-
ger traffic intensity, especially when handling eight-axle rail cars, the carrying
capacity of a single-track railroad can be increased to 30-35 million tons
annually.

It should be noted that different measures to increase the carrying capacity of

- single-track railroads affect in different ways the operating indicators and ship-
ping costs. Construction of double tracking and two-track inserts reduces the
number of stops for train crossing and the length of these stops. Construction of
additional sidings and electrification of single-track sections, despite the pos-
sibility of a further increase of traffic intensity, on the contrary lead to an

- increase in the number of stops [66, 19, 18].

Under average conditions, the optimum results (minimum one-time and current ex-
penses over a prolonged period) are achieved when a single~track railroad is de-
veloped with semiautomatic blocking in the following sequence: opening of all
sidings, lengthening of the receiving-dispatching tracks to 850 or 1,050 meters
depending on the length of the receiving-dispatching tracks over the entire route
or test area, construction of two-track inserts with equipping the section with
automatic blocking and centralized traffic control, construction of continuous
double tracking with the interval of trains travelling in the same direction
brought up to 10 minutes, electrification of the route, reduction of the interval
to eight minutes and finally construction of an additional main track in a paral-
lel direction or construction of a parallel relief railroad.
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This sequence may be different depending on the growth rates of shipments and the
track profile. Electrification of a single-track railroad and introduction of a
partially packet schedule of train traffic if this permits postponement of expendi-
tures for construction of double tracking for a sufficiently long period, are feas-
ible with slow growth rates of shipments on a loaded single-track line, especially
with heavy profile when construction of double tracking requires large capital
investments.

Two-track inserts and double tracking can be constructed on these sections after
electrification and as the carrying capacity of a single-track railroad is exhaus-
ted. Continuous double tracking can be constructed immediately on routes with
rapid growth rate of shipments and intensity of passenger traffic and diesel loco-
motives can be replaced with electric locomotives with a further increase of
shipments.

Electrification of two-track railroad mainlines permits a reduction in the inter-
_ val of trains travelling in the same direction to 7-8 minutes (compared to approx-
imately 10 minutes with diesel traction) and permits an increase of carrying ca-
pacity to 30 percent or by 20-30 million tons in the freight direction. This
increase of carrying capacity is achieved due to the high output of electric loco-
motives and their capability of achieving considerably higher accelerations than
with diesel locomotives. This makes it possible to increase the traffic speed on
waysides and especially at station entrances and to reduce the interval of trains
travelling in the same direction without reconstruction of station entrances and
signalling devices, centralized traffic control and blocking. This type of trac-
tion may be regarded as the main one for freight-intensive mainlines with regard
to the other advantages of electric traction such as power supply from electric
power plants operating on nuclear energy or coal and the absence of air pollution.

Transportation of relatively low fuel volumes (several million tons annually) is
essentially possible cn most two~track lines and on part of single-track lines.
However, additional fuel volumes may require introduction of double tracking or
two-track inserts on many loaded single-track sections, while admission of addi-
tional volumes of even 2-3 million tons may be impossible on some sections without’
implementing considerable reconstruction measures.

¢) Coupling of Trains

Coal is shipped by rail in the United States by "coupled" trains have a mass 2-3
times greater than trains ordinarily handled.

Coupling of trains, i.e., coupling two trains and putting the second locomotive in
the middle of the train, is used on USSR railroads as a temporary measure to in-
crease the carrying capacity of individual sections. Development of remote con-
trol apparatus for locomotives in the center of a train from the pilot locomotive
permits an increase of the length and mass of the train [58, 59].

The use of coupled trains may provide an increase of carrying capacity to 60-80
percent, i.e., approximately the same as construction of two-track inserts.
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The engineering and economic indicators when using coupled trains with regard to
construction of sidings and waysides and expenditures for development of the line
are close to the corresponding indicators with construction of two-track inserts.
At the same time, the circulation of rolling stock deteriorates somewhat with
coupled trains compared to an ordinary single-track line due to the additional
idle time during "coupling" and "uncoupling" and the circulation of rolling stock
is considerably improved with two-track inserts due to the nonstop crossing of
trains. The saving of operating expenses achieved with elimination of train stops
at intermediate stations makes it feasible to construct two-track inserts with
loading less than that in which introduction of "coupled" trains is required. The
use of coupled trains on single-track sections should be regarded as a temporary
measure effective for the period of constructing double tracking or two-track in-
serts or for conducting other operations.

The use of coupled trains as a method of further increasing the carrying capacity
of two-track routes with lengthening of receiving-dispatching tracks at part or at
all intermediate and preterminal stations and development of carrying capacities

of preterminal waysides may require lower expenditures than construction of a par-
allel railroad. However, this organization of traffic, besides development and
finishing of a locomotive remote control system, requires fundamental rearrangement
of most stations and also of terminal and section stations to service the increased
number of coupled trains without uncoupling them. Work on rearrangement of sta-
tions should be carried out under intensive traffic conditions, which is related

to great difficulties and requires long deadlines. This rearrangement is essential-
ly reconstruction of a loaded two-track railroad into a super mainline.

3.4. Development of a Specialized Railroad Mainline

Investigations and research were carried out during the early 1920's to develop a

specialized mainline or the Donbass-Moscow-Leningrad super mainline. Investiga-

tions of a special route with flat grades (4 percent), with large curve radiuses
- and other parameters that provide handling of heavily loaded trains [60], were
carried out on the Moscow-Donbass route. Laying of up to three main tracks of
normal gauge was provided in this case. The super mainline was designed to supply
the Leningrad, central industrial and northern regions with coal from the Donetsk
basin instead of imported coal delivered to these regions from England prior to
the Great October Socialist Revolution. The problem of a universal reduction of
transportation expenses by increasing shipments, specialization of the route in
mass shipment of freight of the same type and high technical equipping was posed
in this case.

The problem of equipping the mainline with very high carrying capacity from Kuzbass
to the west with track gauge up to 3 meters was considered after World War II.
Discovery of unique coal fields in Siberia again raised the question of the need
to study the engineering capability and economic feasibility of developing a
specialized railroad mainline to ship coal to the Urals and the European USSR.

pased on the investigations, one can formulate the main aspects of developing a
specialized mainline.
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The poinés of fuel consumption (electric power plants, metallurgical plants and
so on) are usually located on an existing railway system.

Connecting the pilot station of this mainline to individual mines and concentration
enterprises wiil also be accomplished through a general-purpose railway system and
partially through the sidings of enterprises. A specialized mainline cannot be
isolated from the operation of the remaining part of a railway system. Consequent-
ly, the rail car fleet should have the capability of being handled not only through
the mainline but through existing railroads. This predetermines the gauge, linear
load per meter of rail car length, axle load and requirements on automatic brakes
and automatic coupling.

Rail cars designed for handling on a specialized mainline should be calculated by
brake and automatic coupling characteristics to operate in trains formed up to ’
operate on other sections of a railway system.

Development of specialized rolling stock, for example, by dimension T, with in-
creased axle loads and unit length, is possible with large consumers (of coal).
This rolling stock can be handled in closed routes and sections where it travels
from the loading points to the mainline and from the mainline to the consumers
should be brought into agreement with the characteristics of this rolling stock.

A high carrying capacity of the mainline and reduction of transportation expenses

can be achieved primarily by increasing the mass of trains. With locomotive trac-
tion of 120 t-f, the possible mass of trains and their length on sections with dif-
ferent calculated grade with locomotives at the head of the train are presented in

_ Table 3.5.
Table 3.5.
(l) (2) Macca poeana, T (5) Jimima ms&n:_l;sz«::opl:ou. W, pi
Yaow, */e
6pyrm(3) (4) nerro 9T (6) l 8T
4 21 400 16 200 2450 2750
6 15800 12000 1830 2060
8 12500 9500 1460 1630
Key:
1. Grade, percent 5. ILength of train with locomotive,
2. Mass of train, tons meters, with load per meter
3. Gross 6. Tons
4. Net

It follows from the data of Table 3.5 that handling of trains with mass of 15,000
tons with length of 1,800-2,000 meters by a single locomotive is possible with a
grade of 6 percent. Reducing the grade to 4 percent permits the train mass to be
brought up to 20,000 tons with length of 2,500 meters. If one takes into account
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‘ that trains usually have a standard length of 850 or 1,050 meters, the mainline
can have a length of receiving-dispatching tracks of 1,700 meters and a train mass
up to 14,500 tons or 2,100 meters and train mass up to 18,000 tons. Consequently,
the mainline should have a grade of not more than 6 percent with length of the
receiving-dispatching tracks of 1,700 meters and a 4 percent grade with track
length of 2,100 meters.

The grade can be increased when using several locomotives with remote control
from the front locomotive. However, this arrangement is undesirable since it
complicates the operating work.

The experience of operating loaded two-track railroads of great length shows that
stable operation is possible with 10-minute interval of trains travelling in the
same direction with handling of 100-110 pairs of trains per day. A specialized
mainline will service the transport needs of adjacent regions. Section, built-up,
local, passenger and farm trains will travel on it. Moreover, the interval of
travel in the same direction can hardly be less than 11~12 minutes according to
conditions of train passage through station entrances. This leads to a reduction
in the number of coal block trains to 70-90. The carrying capacity with train mass
of 18,000 tons is increased l.2-fold compared to a train mass of 14,500 tons.
Trains which travel at speeds different from coal trains should be diverted to
parallel routes [60].

Rails with volumetric hardening in which wear resistance was increased twofold com-
pared to rails of unhardened steel have now become widely distributed. Continuous
replacement of these rails is required after mileage up to one million gross ton-
km, i.e., every 3~4 years for a loaded specialized mainline.

Investigations are now being conducted to further increase the wear resistance of
rails by adding alloying additives and by different hardening of individual parts
of the rail. It is expected that the resistance of these rails will be addition-
ally raised 1,5-2.0-fold and accordingly the service life will be increased. It
must be noted that rails removed from a mainline will be laid on railroads with
low traffic intensity for a service life up to 10-20 years.

High operating reliability of all elements of the system should be provided when
developing a mainline of especially high carrying capacity. This requirement is
decisive to ensure uninterrupted operation of this transportation system.

A high-capacity mainline to deliver coal from the country's eastern regions can be
developed on the basis of Central Siberian Mainline from Achinsk to the Volga re-
gion in the area of Pugachevsk by corresponding lengthening and development of a
station and all the management of the mainline. A specialized mainline should be
- capable of handling trains consisting of eight-axle gondolas with total mass of
15,000 tons with length of receiving-dispatching tracks of 1,700-2,100 meters.

Development of yet another mainline from the Kansk-Achinsk and Kuznetsk basins to
the European USSR may be required in the future if it is necessary to deliver an
even greater quantity of eastern coal to the Urals, Volga region and the European

regions of the country. This problem requires scientific research work and engin-
eering and economic substantiation.
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3.5. The Engineering and Economic Indicators of Railway Transportation
The following aspects must be taken into account when determining the engineering
and economic indicators of shipping fuels by rail.

1. The railroad system for additional fuel volumes should be developed with re-
gard to maintaining the potential reserves for subsequent assimilation of other
freight shipments. Consequently, the engineering and economic indicators of fuel
shipment must be determined with regard to expenditures to recover the potential
reserves of the railway system.

2. The engineering and economic indicators of shipping various types of freight
depend on their physical properties, which primarily predetermine the use of the
freight capacity of rolling stock, and on the load per meter of train. Under
these conditions comparison of railroads to other types of transportation by mean
indicators may lead to serious errors; therefore, indicators that more accurately
characterize the shipment of fuels must be determined for future types of rolling
stock.

3. Expenditures for rail shipments vary significantly with regard to the use of
empty runs of trains. Coal gondolas can be used upon return to the station of
dispatch to ship metal, timber, containers and a number of other types of freight
and oil tank cars can be used to ship mazut and in some cases certain light petro-
leum products. However, the specific weight of gondolas and especially of tank
cars loaded in empty routes is relatively low and decreases as the fuel volume in-
creases, since the return route of coal volumes from the Kuznetsk, Karaganda and
Donetsk basins to the west coincides with the volumes of timber and in some cases
of ore. Under these conditions an increase of coal volume from the eastern basins
to the Urals and to the European USSR and from the Donbass to the western regions
of the Ukraine leads to a corresponding increase of empty runs of trains in the
opposite direction.

Analysis shows that the capabilities of using tank cars %o ship petroleum products
in the same direction will be reduced as the number of oil refining plants in-
creases and with more uniform disposition of them throughout the country. There-
fore, when considering the engineering and economic indicators of shipping large
volumes of fuels, preferably superimposed on already existing volumes, one can
proceed approximately from the condition of returning gondolas and tank cars empty
from the unloading points to the loading points and all expenditures may be re-
lated to shipment of. fuels in the freight direction.

- 4. All expenditures for acquisition of rail cars, tank cars, electric locomotives,
diesel locomotives and construction of devices required to service them (depots,
repair yards and station tracks of different designation and so on) must be taken
into account.

Indicators that are general for all freight are suitable to determine the optimum
structure of the energy balance during the first phases of calculations, especial-
ly when determining the transportation and economic ties when great accuracy is
not required.

44

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

All characteristic features of developing specific sections of railroads must be
taken into account with more accurate calculations of transportation expenses,
i.e., in all cases when calculations are a substantiation for specific engineer-

ing solutions and errors that reduce the reliability of the information obtained
may lead to national economic losses.
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Figure 3.2. Actual Expenditures for Rail Shipments: l--shipping cost; 2--
total annual operating expenses for freight shipments; 3--cap-

ital investments to assimilate freight shipments; 4--freight
turnover

Key:

1. shipping cost, kopecks/10 t-~km 3. Freight turnover, billion t-km
2. Capital investments, billion rubles 4. Years

During the past few years the engineering and economic indicators of railway trans-
portation have improved significantly (Figure 3.2). The cost of freight shipments
was reduced from 4.861 kopecks per 10 t-km in 1950 to 2.478 kopecks per 10 t-km in
1975, i.e., by one-half. However, some increase of expenditures from 2.341 kopecks
per 10 t-km to 2.478 kopecks occurred during the past five years. A reduction in
the rates of reducing shipping costs and even some increase of them during the

past few years was the result of operating a number of railroad sections under
nonoptimum conditions.

Operating expenses increased from 2.9 to 8.025 billion rubles or by 5.075 billion
rubles during the period 1950-1975 with an increase of freight shipments from 602
billion to 3.236 trillion t~km, i.e., by 2.634 trillion t-km [30]. Assimilation
of the increase of shipments required approximately 1.93 kopecks per 10 t-km and
in this case the highest rates of reducing shipping cost were achieved during the
period from 1950 through 1956 when the specific weight of new types of traction
was still low. This indicates that improving the use of permanent devices to
reduce shipping costs plays an important role. During the past few years when the
rates of reducing shipping costs slowed down (for example, from 1965 through 1975)
expenditures to assimilate additional shipments comprised 2.60 kopecks per 10 t-km,

45

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

LR Y P L VIR I S

while they comprised 2.55 kopecks during the five-year period from 1971 to 1976.
It is obvious from these data that the typical operating expenditures to assimilate
increasing shipments will be 2.5-2.6 kopecks per 10 t-km [55].

The average annual capital investments related to an increase of freight shipments
(Figure 3.2) comprise an average of 8.7 kopecks per 10 t-km for the entire period
under consideration and 10 kopecks during the period 1970-1975, which is explained
by replacement of steam traction with electric and diesel traction, from removal

of two-axle and partially of four-axle rail cars from operation that do not meet
modern requirements. This led to an increase in the rates of reduction of shipping
costs. Reconstruction of traction led to a significant increase of carrying ca-
pacity due to an increase of train mass, an increase of traffic speeds and uninter-
rupted operation of railroads.

At the same time€ intensification of rail transport led to the fact that reserves
were reduced sharply on a number of railroad sections, i.e., expenditures to devel-
op mainlines were lower than required.

The basic directions for increasing the carrying capacity of railroads in the fu-
ture are construction of double tracking and two-track inserts with corresponding
development of terminals and also development of new routes parallel to specially
loaded routes using available dead-end and other low-loaded sections of railroads.
Implementing the indicated measures requires higher specific ca..tal investments
than reconstruction of traction.

The engineering and economic indicators of fuel transportation, especially on
routes with mass volumes of coal and petroleum products, are significantly more
favorable than the average indicators throughout the system as a result of using
trains of increased mass and of moving them without handling at classification
yards. The average gross mass of a train was approximately 2,500 tons throughout
the railway system in 1975 and that of coal trains was approximatly 4,000 tons.
Shipping fuels in six- and eight-axle gondolas and tank cars with linear load up
to 8-9 t-f/m makes it possible to increase the train mass with fixed length of
receiving-dispatching tracks and consequently permits an increase of load capacity
by 35-40 percent without increasing the carrying capacity of waysides and stations.
Specific expenditures to increase the carrying capacity of sections and stations
are reduced accordingly. :

Analysis of further development of rail transport leads to the fact that one can

expect in the near future an increase in the mean specific capital investments,

however, they will comprise 12-14 kopecks per 10 t~km (in prices introduced on
- 1 July 1967) for fuels with regard to the extensive use of eight-axle gondolas and
tank cars. Operating expenses will be reduced and a figure of 2.0-2.3 kopecks per
10 t-km will be used for conditions of mass fuel shipments. Under these conditions
the mean reduced expenses to assimilate newly occurring fuel shipments in eight-
axle rolling stock will be 3.2-3.7 kopecks with coefficient of the effectiveness
of capital investments of 0.1 and up to 4.0 kopecks with coefficient of effective-
ness of 0.15. The given indicators do not include the cost of existing basic
stocks and current expenses to maintain them since the latter do not vary from the
rates of development of railway transport.
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Table 3.6.
o) Hawmmat | (2) Kareropun crposvemcrse Hasmand Kareiopila CTPORTENLCTER
A, 1/ron n m v wa, T/ox u m v
8 350 430 482 16 417 484 540
10 392 452 507 20 445 512 578

1. 1Initial freight traffic volume, million tons per year
2. Category of construction

The given mean indicators vary significantly for some sections and routes depending
on the level of technical equipping, the use of carrying capacity, the track pro-
file, the distance of freight shipment and a number of other important factors.

When determining the engineering and economic indicators of fuel transportation by
rail, two general cases must be distinguished:

construction mainly for shipment of fuels of new railroad sections (for ex-
ample, approaches to coal basins and specialized mainlines);

an increase of carrying capacity of existing railroads to assimilate ship-
ments of additional fuels.

The specific expenditures, thousand rubles per kilometer, for construction of a
single~track railroad under different conditions of construction and with the cal-
culated freight traffic volume using diesel traction are presented in Table 3.6
[48].

Capital investments for construction of a two-track railroad can be determined as
the sum of expenditures to construct a single-track railroad and the expenditures
to construct double tracking. The specific capital investments for acquisition of
freight gondolas and tank cars in the freight direction are presented in Figure 3.3
for single-track railway lines and with different difficulties of track profile
with length of station tracks of 850 and 1,050 meters using diesel traction. Sim-
ilar data are presented in Figure 3.4 for two-track sections using diesel traction
and in Figure 3.5 for electric traction (determined for tank cars). A factor of
0.9 must be introduced when they are used to determine expenditures for gondolas.
The indicators should be doubled to take into account the empty return of gondolas
and tank cars in the opposite direction.

Data on the specific operating expenses to move loaded cars on single-track rail-
roads with diesel traction are presented in Figure 3.6 and data for two-track rail-
roads with electric and diesel traction are presented in Figure 3.7. The expendi-
tures for shipping an empty car comprise 60-70 percent depending on the load of
rolling stock in the freight direction typical for fuels. Thus, this coefficient
is 1.62 when using freight capacity to 100 percent, 1.68 with freight capacity at
80 percent and 1.69 with freight capacity at 70 percent. The expenditures should
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Figure 3.3. Specific Capital Investments in Rolling Stock for Single-Track
Railroad with Diesel Traction and with Different Length of
Receiving-Dispatching Tracks

Key:
1. Specific capital investments, kopecks per 10 t-km
2. Freight traffic volume, million tons annually

be multiplied by the correct coefficient to determine the total shipping expenses.

When shipping freight with incomplete use of freight capacity, a coefficient equal

- to 1.2 for operating expenses and a coefficient of 1.25 for capital investments
must be introduced for freight capacity of 80 percent; the figures are 1.25 and
1.40, respectively, for freight capacity of 70 percent. The operating expenditures,
thousand rubles per kilometer, for maintenance of permanent facilities for traffic
operation are presented in Table 3.7.

calculations of the variation of specific reduced expenditures to ship fuels over
a specialized single- and two-track railroad depending on their load (Figures 3.8
and 3.9) showed that specific capital investments in permanent devices decrease
rapidly as shipments increase. Capital investments in rolling stock with an in-
crease of section loading increase somewhat. An increase in the level of using
the carrying capacity leads to an increase of idle times, a reduction of the sec-
tion speed factor and deterioration in the use of rolling stock. The expenditures
related to movement of trains also increase as load increases for the same rea-
sons. In short, the reduced expenditures for a single-track railroad with diesel
traction having ruling grade of 8 percent and length of receiving=-dispatching
tracks of 1,050 meters decrease to a load on the order of 30 million tons in the
freight direction. It should be noted that these calculations do not take into
account the increase of idle times and expenditures due to various complications
in operating activity. These expenditures are very significant at high section

load levels.
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Figure 3.4. Specific Capital Investments in Rolling Stock for Two-Track
Railroad with Diesel Traction with Different Length of Re-
ceiving-Dispatching Tracks

- Key:
1. specific capital investments, kopecks per 10 t-km
2. Freight traffic volume, million tons annually

Table 3.7.
(2) Tome s
(1) Bua miu
0] 2 0 60 80
Onmonytnan meaednar nopora:(3
rexnunoauu Tma(4§’. o 95 13 — —_ —_
3neKTpHUECKan TAra (5) (6) 1o 138 — — —
HoyxnyTHan meaeanas AOpoOra:
INEKTPHUECKAR mra(g? e - 206 237 269 278
tennosan tara (4) . . . - 157 186 203 215

Key:
1. Type of traction
2, Freight intensity in loaded direction, million t-km/km
3. Single-track railroad
4. Diesel traction
5. Electric traction
6. Two-track railroad
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Figure 3.5. Specific Capital Investments in Rolling Stock for Two-Track
- Railroad with Electric Traction with Different Length of
Receiving-Dispatching Tracks

Key:
1. Specific capital investments, kopecks per 10 t-km
2. Freight traffic volume, million tons annually
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Figure 3.6. Specific COperating Expenses pependent on Scope of Traffic on
Single-Track Railroads with Diesel Traction with Different
Length of Receiving-Dispatching Tracks
Key:

1. specific operating expenses, kopecks per 10 t-km
2, Freight traffic volume, million tons per year
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Figure 3.7. Specific Operating Expenses Dependent on Scope of Traffic on
Two-Track Railroads with Electric and Diesel Traction with
Different Length of Receiving-Dispatching Tracks:
1, 2, 3, 4 and 5--with grades of 12, 10, 8, 6 and 4 percent, respectively,
and with length of receiving-dispatching tracks of 850 meters and with
diesel traction; 1', 2', 3', 4' and 5'--O— O--with the same grades using
electric traction; 6, 7, 8, 9 and 10-~ --with the same grades with
length of receiving-dispatching tracks of 1,050 meters and with diesel
traction; 6', 7', 8', 9' and 10'-~ — 00—00~--with same grades using elec-

tric traction

Key:
1. sSpecific operating expenses, kopecks per 10 t-km
2. Freight traffic volume, million tons per year

The optimum loads of a single-track railroad mainline are at the level on the order
of 25 million tons annually with regard to expenditures of complicating operation,

with length of receiving~-dispatching tracks of 1,050 meters and handling of exist-

ing four-axle cars with primary volume of coal freight.

The optimum load capacity of two-track railroad sections comprises’ 80-90 million

_ tons under the same conditions (see Figure 3.9). These values are determined for
operation of a railroad with relatively modest scope of passenger traffic--10-20
percent of the number of pairs of freight trains. The optimum load capacity is
somewhat lower than that indicated on sections with higher scope of passenger train

traffic.

It should be noted that a railroad mainline should have carrying capacity reserves
not only to provide irregular shipments but also to eliminate various traffic in-
terruptions when providing normal operation. lLosses of carrying capacity due to.

failures of track, rail cars and locomotives reach 25 trains when handling 60
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Figure 3.8. Reduced Expenditures for Single-Track Railroad with Different
Load: l--reduced capital investments in permanent devices; 2--
reduced capital investments in rolling stock; 3--operating
expenses; 4--losses due to unplanned expenses due to operation
in nonoptimum mode '

Key:
* 1. Reduced expenditures, kopecks per 10 t-km
- ‘ 2. Freight traffic volume, million tons annually
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Figure 3.9. Reduced Expenditures for Two-Track Railroad with Different
Loading. The notations are the same as in Figure 3.8

- Key:
1. Reduced expenditures, kopecks per 10 t-km
2., Freight traffic volume, million tons annually
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pairs of freight trains and 40 pairs of trains per day when handling 100 pairs of
freight trains for a two-track railroad with passage of 20 pairs of passenger
trains [66]. Thus, up to 90-100 pairs of freight trains can be handled with regard
to the required carrying capacity reserve on a two-track railroad mainline with
eight-minute interval between trains in the same direction, which can ensure ship-
ment of approximately 100~110 million tons of freight with medium train mass of
approximately 5,000 tons.

The saturation of track with trains affects the operating stability of the rail-
road. Thus, with filling of a track equal to 0.005, which corresponds to the 24-
hour scope of traffic of 66 pairs of freight trains, the losses in speed comprise
3.2 km/hr and with filling of 0.075 or 100 pairs of trains, the losses are 5.2
km/hr. Section speed drops especially sharply with filling greater than 0.075 and
if the filling is on the order of 0.08-0.1 (one train per 10-12 km of track) a
railroad line of great length loses the required maneuverability, which results
in prolonged delays of trains.

The given data indicate the need to have a specific carrying capacity reserve of
railroads that ensures their stable operation and ensures that optimum economic
indicators will be achieved.

The expenditures for the initial-final operations comprise an average of 2.5-6.0
rubles per 10 tons of freight and signficantly affect transportation expenses with
short and medium shipping distances. Their value depends on the conditions of
dispatch and receipt of freight by the consignee [60]. The following gradations of
reduced expenses for initial-final operations can be established approximately for
fuel shipping conditions:

dispatch of coal or liquid-cargo block trains formed up on the train tracks
of enterprises and delivery by block train to the consignee--=2.5-3.0 rubles per
10 tons; .

dispatch of coal or petroleum products in block trains and delivery to con-~
signees by individual gondolas or by small groups of gondolas (tank cars)--4.0-4.5
rubles per 10 tons;

dispatch and delivery in individual cars or groups of cars (tank cars)--5-6
rubles per 10 tons. Capital investments comprise 33-35 percent in this case.

Expenditures for initial-final operations are presented in Table 3.8 as a function
of the distance of freight shipments.

In many cases, for example, when selecting versions of the location of electric
power plants and other fuel consumers or oil refining plants with variable loading
or unloading level, the expenditures for initial-final operations remain fixed and
cannot be taken into account without a loss to the accuracy of comparative calcu-
lations. However, in other cases, for example, when determining the transportation
component in expenditures to develop one or another energy object, when selecting
the type of fuel when expenditures for initial-final operations are different, they
must be taken into account especially with short and medium shipping distances.
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Consequently, typical values of reduced expenditures for shipping fuels on newly
constructed single-track lines with optimum loading and shipping distance of approx-
imately 1,000 km will be approximately 5.0 kopecks per 10 ton-km and those on two-
track railroads will be approximately 3.0-3.2 kopecks per 10 tons-km.

Table 3.8.

(2) 3a1peT™, Ko/ (10 T:KM), DPH PECCTORHER, KM
25 50 100 250 500 | 1000 | 2000

Ilasamuo-Kouewibie Ooepatliin

[lpuem u omipasaenie unpmpy‘rnun(d 12,0 60| 30| 1,2 06}0,3 0,16
[lpnen Mapuipytasii, CA84a OTAEAPHU-
':l“n rpyn':ugn ann uaodoporlws. .118,0] 9,0 45] 1,81 09}10,45]0,23
[lpHeM # OTupaBjeiiie OTREJNLHHIMH .
liaarouamu WAn CpYImaMi BaroHoB(5) 24,0| 12,0} 6,0} 2,4] 1.2 0,6 {03

N Key:
1. Initial-final operations
2. Expenditures, kopecks per 10 tons-km, at distance, km
3. Reception and dispatch in block trains :
4. Reception in block trains and dispatch in individual groups or vice versa
5. Reception and dispatch in individual rail cars or groups of rail cars

The economic indicators in development of existing railroads, i.e., when the addi-
tional fuel or other freight traffic volume is superimposed on an existing rail-
road, are significantly better in some cases since the flow can be realized on some
sections by using existing reserves of carrying capacity, restoration of which may
be required only in the remote future.

These calculations for fuel delivery to large consumers are carried out on the
basis of the following concepts [18, 19]:

expenditures to increase the carrying capacities of waysides of one or an-
other section were determined as the sum of expenditures for development (step by
step) of a given line or a parallel railroad if the volume must be switched to it;

expenditures for development of railroad management or so-called "intraphase"
capital investments, were taken from average system indicators since the greater
part of these expenditures is unrelated to specific sections (development of repair
yards, enterprises of highway significance and so on); :

capital investments to acquire rolling stock required to ship the additional
freight were determined with regard to changes in the use of rolling stock engaged
in shipment of freight already being shipped;

expenditures for maintenance of newly constructed permanent devices were
taken into account;

expenditures related to movement of additional trains were determined with
regard to the change in operating and economic indicators for shipment of "old"
freight.

54

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400050024-6

FOR OFFICIAL USE ONLY

In this case the entire increase of expenses was related to the additional volume
due to which expenditures assimilate it were frequently above the average.

Determination of the engineering and economic indicators caused by superposition
of an additional freight traffic volume on an existing railroad requires consider-
ation of a number of operating features and development of railway transport. &4
diagram of the variation of step by step strengthening of a railroad section with
the appearance of an additional freight traffic volume is shown in Figure 3.10. As
can be seen, superposition of an additional freight traffic volume brings these
phases closer to an increase of the carrying capacity of the section.
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Figure 3.10. Diagram of Phase Strengthening of Carrying Capacities of Rail-~
- road Sections: 1l--freight traffic volume; 2--additional coal
volume for electric power plants; t3--deadline for construction
of two-track inserts with additional volume; t4--deadline for
construction of two-track inserts without additional volume;
t5--deadline for construction of second tracking with out addi-
tional volume; tg-~-deadline for construction of second tracking
with additional volumes

Key:
1. Freight traffic volume, million tons annually
2. Period

Under these conditions, capital investments for phase strengthening caused by sup-~
erposition of an additional volume can be determined by the formula:

K K,
K= ——+.. .+ —2F }—
. ( (1 + En)" ted I+ Eﬂp)’")

- _ K’ X K'y
((l T ot 4+ e..,,)"'-)'

where K1, K2, ..., Kpn are capital investments for the corresponding phases of
strengthening the carrying capacities; tj1, t2, ..., tp are the deadlines for im-~
plementing the corresponding phases of strengthening without an additional freight
traffic volume and ti, té, ooy t; are the deadlines with superposition of an ad-
ditional freight traffic volume. The load of railroad sections, million tons an-
nually, with a surplus of which measures can be implemented to increase carrying
capacity, is presented in Table 3.9.

55

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

Table 3.9.
1) {h) Tennosoauan Tura d3 JPresirpmeck TRID
P; 0 ynaCTKS {4) Iimma spuieno-ormpasounbix nyred, M
/50 1050 | 850 1060
Orkputhe pasveanon sropoi ovepean (5). . .| 8—10 | 10—12 — -
CTPOHTEALCTBO ABYXNYTHHX #ucTasok (50—55%

TIPOTAMERBOCTH) (6{ .......... 20—22 | 24—26 | 24—26 | 26—28
CrponTemcmeo cnaowHbx sropux nyveR(7):. .| 32—34 | 36—40 | 36—140 | 40—44
[lepeson #a saextpuueckyio Tary (8). . . . . 30—40 | 30—40 — -
CtponTeancTBO BTOpOrO Ny™H Ha aapanaeabhom [9)

MEeNe3HOAOPONHOM HAMPABJGHHH HAH CTPOM-

TeALCTBO pasrpymalnuefi xeneanoft noporw . | 70—756 | 80—90 | 7580 | 90—100

Key: S e - R
1. Development of railroad section 7. Conmstruction of continuous double
2. Diesel traction tracking
3. Electric traction 8. Conversion to electric traction
4. Length of receiving-dispatching 9. Construction of double~tracking
tracks, meters on parallel rail route or con-
5. Openings of sidings of second unit struction of relief railroad

6. Construction of two-track inserts
(50-55 percent of length)

These indicators are related to railroad sections with average scope of passenger
traffic (the number of pairs of passenger trains is 15-20 percent of the total
freight traffic volumes) and with sufficiently high indicators of utilizing the
freight capacity of rail cars typical for railroads with primary freight traffic
volume of raw materials.

Capital investments for construction of two-track inserts and double tracking,
thousand rubles/km, are presented in Table 3.10 as a function of the anticipated
freight traffic volume and construction conditions.

The cost of electrifying one kilometer of railroad on direction current is equal to
85,000-100,000 rubles for single-track sections and 120,000-140,000 rubles for two-
track sections depending on the anticipated freight traffic volume. Electrifica-
tion on alternating current requires 20-25 percent fewer expenditures.

The reduced normal expenditures for construction provide that the minimum work
required to convert to the next phase of increasing the carrying capacity of rail-
roads and of assimilating shipments anticipated for the fifth year of operation of
the line and on the part of structures and during the second year of operation ac-
cording to existing norms for railroad planning will be carried out.

The indicators do not take into account expenditures for development of classifica-
tion yards and other work to strengthen the repair base, development of depots and

other work required to assimilate shipments during the period between the next
phases. According to current data, these expenditures comprise 2.0-2.5 kopecks
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= Table 3.10.

(1) Kaveiopms Tpyioct Kareropss 1pyauocTat

. Toxazarem (2) SruTemeTea Tlorassvem CTraTEmRCT
oo | u | m | w

3)
Cmpoumenscmso Osyxnymubix scmasox Cmpounescineo cnAOUNNX smOphx
(50% npomgicennocmu) npu (6) nymeit npu zpyaonomoxe
2pysonomoxe 30 mam. m 09 uan. m

4) Tennososnan tara . .| 194 | 215 | 247 |} Tennosoznan tara . .| 343 | 367 | 416
25; duextpuycckan vara’ | 218 | 240 | 260 || Snexrpuyeckan vara | 368 | 397 | 447

lsections with volume of excavation work of 25,000 m3 per kilometer are related to
construction category II, those with excavation at 26,000-35,000 m3 per kilometer
are related to construction category III and those with excavation of 36,000-45,000
m3 are related to category IV [48].

Key:

1. Indicators

2. Category of construction difficulty

3. Construction of two-track inserts (50 percent of length) with freight
traffic volume of 30 million tons

4. Diesel traction

5. Electric traction

6. Construction of continuous double tracking with freight traffic volume
of 60 million tons

perl0 tons~km of additional shipments. Expenditures to construct large bridges
(more than 100 meters long) and tunnels were not taken into account. This work
should be taken into account separately.

When railroads are constructed in regions where construction of tunnels is not
required, the additional expenditures can be taken as equal to 10-20 percent of the
cost of the railroad or the cost of constructing double tracking indicated in
Table 3.10.

One should bear in mind that all the indicators are presented for the first phase
and consideration of coefficients whose values are given above for construction of
new railroads must be taken into account for other phases. This is true of con-
structing railroads in the middle belt. They are up to 25 percent higher in the
northern regions of the European USSR and up to 40 percent higher in regions of
the eastern USSR. The cost of constructing a kilometer of railroad reaches 1.0-1.2
million rubles per km in northern swampy regions and 2.5-3.0 million rubles per
kilometer in mountainous regions of the northeast. Capital investments to con-
struct double tracking and two-track inserts under complex mountainous conditions
and in suburban sections of large cities also reach 800,000 to one million rubles
per kilometer.
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Figure 3.11. Specific Capital Investments in Rolling Stock with Assimilation
of Additional Volume on Single-Track Railroad With Different
Length of Receiving-Dispatching Tracks

Key:
- 1. Specific capital investments, kopecks per 10 tons-km .
2. Freight traffic volume, million tons annually

The specific capital investments in rolling stock for a single-track railroad with
diesel traction, related to the additional volume, are shown in Figure 3.11. When
this graph and the graphs of specific capital investments given below for two-track
railroads and graphs of specific operating expenses are used, one must take into
account that the specific indicators should be taken for half the sum of the vol-
umes prior to superposition of the additional volume (the initial volume) and after
superposition of the additional volume. Indicators for a volume of 55 million tons
annually will be a typical value with an initial volume of 50 million tons annually
in the freight direction on a two-track railroad and with additional volume of 10
million tons annually. Similar indicators for two-track railroads are presented in
Figure 3.12. As when determining the expenditures for the average indicators, one
must take into account the empty run by introducing a factor of 2.0 and correcting
for the use of the load capacity of rolling stock.

when determining capital investments to ship coal in gondolas, one must introduce
a factor of 0.9 that takes into account their lower cost. Data for specific capi-
tal investments presented in Figures 3.3, 3.4, 3.11 and 3.12 can be used for future
conditions when one can orient onself to handling of eight-axle gondolas and tank
cars. The tare factors of four- and eight-axle gondolas and tank cars are similar.
Consequently, when organizing serial production of eight-axle rolling stock, its
cost per ton of freight capacity should also be close to the cost of four-axle
gondolas and tank cars.

When using these graphs, one should take into account that the typical capital
investments shown on the graphs are related to a range of 2.0 million tons on
single-track and 5.0 million tons on two-track sections. Thus, if an additional
volume of two million tons annually is superimposed on an existing volume of 17
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Specific Capital Investments in Rolling Stock When Assimilating
Additional Volume on Two-Track Railroad with Different Length
of Receiving-Dispatching Tracks

1. specific capital investments, kopecks per 10 tons-km
2. Freight traffic volume, million tons annually

Figure 3.13.
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Specific Operating Expenses Dependent on Freight Traffic VOlu:ﬁe
When Assimilating Shipment of Additional Freight on Single-Track
Sections with Different Length of Receiving-Dispatching Tracks

1. specific operating expenses, kopecks per 10.tons-km
) 2. Freight traffic volume, million tons annually

~ million tons on a single-track railroad section with diesel traction and length of
receiving-dispatching tracks, the specific capital investments will comprise 5.1
kopecks per 10 tons-km at a ruling grade of 10 percent and 6.5 kopecks per 10
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tons-km for the next two million tons. Comparison of the functions presented in
Figure 3.11, where the mean indicators are given, to the functions in Figure 3.3
shows that acquisition of rolling stock to assimilate additional freight traffic
volume on single-track railraods requires considerably greater capital investments
than the average. This is explained by relating expenditures caused by the deter-
ioration of operating indicators of rolling stock involved in shipment and freight
shipped earlier to the additional volume. Assimilation of an additional freight
traffic volume on single-track railroads may require capital investments 2.5-3.0
times higher than the average in some cases. Expenditures on two-track sections
where an increase in the volume of shipments causes no sharp deterioration of oper-
ating indicators increase mainly due to an increase in the number of passings of
freight trains by passenger trains and the expenditures on acquisition of rolling
stock to assimilate the additional volume exceed the average expenditures to a
lesser degree. The specific operating expenses that depend on freight traffic
volume when assimilating shipment of additional freight on an existing railroad
can be determined for single-track sections and diesel traction from the graphs

presented in Figure 3.13 and can be determined for two-track railroads from the
graphs presented in Figure 3.14.
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Figure 3.14. Specific Operating Expenses Dependent on Freight Traffic Volume
with Assimilation of Shipments of Additional Freight on Two-
Track Sections with Electric Traction with Different Length of
Receiving-Dispatching Tracks

Key:
1. Specific operating expenses, kopecks per 10 tons-km
2. Freight traffic volume, million tons annually

When using these graphs, one should be guided by the same rules as when determining
the specific capital investments, i.e.,, one should take into account the indicators
shown on the graph for half the sum of the initial and additional volumes. Expen-
ditures for return of empty tank cars or gondolas must be taken into account by the
factors presented above when determining the mean specific operating expenditures.
An example of determining expenditures is considered below to illustrate the use of
the graphs.
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It is required to determine transportation expenses when solving the problem of
locating a thermoelectric power plant with coal consumption of approximately 6.0
million tons annually.

According to the conditions of development of the power system, water supply, en-
vironmental protection and other factors, the electric power plant can be located
in two regions whose rail communications with the coal basin should be provided
from different directions and their characteristics are presented in Table 3.11.

Table 3.11.
(2) (.3).. x| ut | ¥ A . |Flepcnextusitie TeM-
O Rk B e A sl
Bapuanm I, arexmpusecxan maza (7)
—5 210 2 4,0 55,0 2,0
2‘—8 I 630 | 2 l 4,0 | 65,0 ' 1,5
Bapuasm I, menaosoanag maza (8)
A—-r 250 2 8,0 50,0 2,0
r—a l 580 I 1 ' 8,0 15,0 | 1,0
Key:
1. Railroad section 6. Future growth rates of freight
2. Length, km traffic volume, million tons
3. Number of main tracks 7. Version 1, electric traction
4. Ruling grade, percent 8. Version 2, diesel traction
5. 1Initial freight traffic volume,

million tons

If one takes into account that the shipper is a strip mine with high productivity
of loading devices and the consumer is a large electric power plant, coal shipment
{ can be organized in shipper block trains and they will be loaded on the sidings
- of enterprises. The coal volume is superimposed on the already existing coal vol-
i ume at which part of the gondolas should be empties in the opposite direction.
Consequently, the gondolas in the opposite direction from the additional volume
for. the electric power plant under consideration may not be loaded and all expenses
to acquire and move them should be related to shipment of coal in the freight
direction.

The additional operating expenditures caused by shipment over the directions of
coal volume of 6.0 million tons annually under consideration are presented in

Table 3.12 (Figures 3.13 and 3.14). The additional operating expenditures to main-
tain permanent devices for traffic and initial-final operation are presented in
Table 3.13. Capital investments to acquire rolling stock (gondolas and locomotives)
are determined from the indicators presented in Figures 3.11 and 3.12 with reduc-
tion of them by a factor of 0.9 (Table 3,14), which takes into account the lower
cost of gondolas than is indicated in the graphs for tank cars. Capital invest-
ments to develop the carrying capacity are determined as approximation of the
phases of strengthening railroads caused by superposition of the additional freight
traffic volume.
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Table 3.12.
2) .
| e | il | by | o) | s
Yaacrok | e satjam, i puSomyy Suharau xon/(10 T-xu) |  3aTPaT mo
¥on/(10 T-xM) | mpoer nraty e Sacic- Jmeme (7)
(8)Bapuanm 1
f!———b‘ l 0,567 l 1,62 | 1,05 I 1,03 0,99 1180
b—B 0,57t 1,62 1,05 1,03 ' 0,99 3540
(9)Nroro no sapuauty I: : 4720
(10)Bapuanm 11
A-r | 0,558 1,62 I 1,05 1,03 0,93 1400
r—JA 0,750 1,62 1,05 1,03 | 1,31 4540
(11 Toro no sapuauty II: - 6940
Key:
1. Section
2. Specific additional expenditures, kopecks per 10 tons-km
3. Coefficient for empty run
4. Coefficient for wages
5. Coefficient to expenditures for electric power
6. Total expenditures, kopecks per 10 tons-km
7. Total additional expenditures for section, thousand rubles
8. Version 1
9. Total for version 1
10. Version 2
11. Total for version 2
Table 3,13.
Yaeasnnie 3arpaTH Ha cosepamie | [
1) (2)  xon/(10 Toxie) (3) pecxoas, Thic. py6. & roa Bm(’i)u
$acToK CA0S,
Tc. pyé/roa
N0 ABHXEH- | NO MaxamhO-Kodew- | 1O ABRKEI- | no yaysmHo- KONEY-
‘ ol
. mxoﬂ{:v;p.mm u?l:; t;nepuuuu “":’p"mmu 1oll onepaunn
(7) Bapuanm I
A—b 0,06 18 76 118 194
5—B I 0,06 | 18 ' 237 | 118 355
(8) Hroro no sapuany I: 549
(9) Bapuanm 11
A—-I" 0,06 18 %) 208
r—a I 0,19 I 18 l 660 | 778
(10) Hroro no sapuamy Il: 986

[Key on following page]
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[Key continued from preceding page)

1. Section

2. Specific expenditures to maintain permanent devices, kopecks per 10 tons-km
3. Additional operating expenses, thousand rubles annually

4. For traffic operation

5. For initial-final operation

6. Total expenses, thousand rubles annually

7. Version 1

8. Total for version 1

9. Version 2

10. Total for version 2

Table 2.14.
b4 OROMM- 3 4 Beero sonomm-
| e | wedte | Sl | Smem
(6) Bapugnum |
S0 B | o | e
(7) Hroro no sapuaury I: 19 800
(8) Bapurum 11
A-r l 1,93 l 2.0 I 3.47 5200
- r—ua 3.3 2.6 5,95 20 600
Mroro no sapuanty 1I: (g) 265 800

Key:

1. Section
2. Specific additional expenditures, kopecks per 10 tons~km
3. Coefficient for empty run
4. Total expenditures, kopecks per 10 tons-km
5. Total additional expenditures, thousand rubles
6. Version 1
7. Total for version 1
8. Version 2 )
- 9. Total for version 2

A possible variant of strengthening two-track sections A-B~C and A-D may be con-
struction of a third main track on the route under consideration or of a second
main track on a parallel single-track route. 1In the latter case, a continuous

main track may be constructed depending on the growth rates of freight traffic
volumes in two directions or twn-track inserts may be constructed during the first
phase and a continuous main track may then be constructed to £ill the carrying
capacity. If there is no reliable information on the growth rates of freight traf-
fic volume for the future, the most expensive version--construction of a continuous
main track--is ussd.
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- Strengthening of a second-track section with regard to comparatively low growth

= rates of freight traffic volume that existed during past years and anticipated in
the future is used by construction of two-track inserts during the first phase

with the carrying capacity being grought up to approximately 36 million tons an-
nually in the freight directien and with the capacities of a single-track line

with two-track inserts already exhausted and construction of double-tracking during
- the second phase.

Intraphase capital investments are assumed to be constant for the entire calculated
period. The deadline for assimilating them to provide for an additional freight
traffic volume is conditionally related to the moment that it appears:, i.e., with-
out regard to removal of expenditures.

Calculation of capital expenditures to strengthen the carrying capacity are pre-
sented in Table 3.15.

Table 3.15
floxasarem (1) &&2021 I 3‘|n it
3KcnAyaTAUHOHHME PILicAH, THe pye (4)
110 NPOABHXKERUN 1GE3IN0B ‘3' Lo 4720 6940
. 10 CONEPXAKIIO AGCTORUIn wrpuucm (6) - . 519 986
_ ll:uro (7) 5269 7926
Kanuraaossomenns. tue. pyo : (8)
H3 nprobpetcune naasiminra cocrass (9) - (10) 19 800 25 800
_ Ha YCHAeHHE NPoryckanX ciocobuocTeft neperodos i Y3508 35 700 82100
- liroro: 65 500 107 900
Mpusenenusie 3atparu na ccroenne nepesolok yrna Ml R‘J) 1.8 18,7 °
Yaensure satpatw, kon/(10 x-xu)12). 2,18 3,12

Note. Capital investments in development of permanent devices related to initial-
final operations were not allocated separately in the calculations since they are
contained in the averaged norm for intraphaxe development of railway management.

Key:

1. Indicators A, Capital investments, thousand

2. Version 1 rubles

3. Version 2 9. To acquire rolling stock

4. Operating expenses, thousand 10, To strengthen carrying capaci-

rubles ties of waysides and terminals

_ 5. To move trains 11. Reduced expenditures to assim-

6. To maintain permanent devices ilate coal shipments, million

7. Total rubles

12. specific expenditures, kopecks per 10 tons-km .

The total expenditures to assimilate a coal volume of 6.0 million tons with the
versions of electric power plant location under consideration are the following:

v
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The shipping expenditureson two-track sections having significant carrying capac-
- ity reserves comprise approximately 2.2 kopecks per 10 tons-km, i.e., they are
significantly lower than the tariff rates (3.3 kopecks per 10 tons-km).

These expenditures are higher than the tariff rates on single-track sections and
they comrpise approixmately 4.2 kopecks per 10 tons-km for section D-8 and 3.12
kopecks per 10 ton-km for the route as a whole, i.e., they are at the level of
existing tariffs,

This example confirms that the use of average system indicators or tariffs when
compiling the versions for location of electric power plants and other energy-con-
suming facilities and also when selecting the types of transport, may lead to sig-
nificant errors that distort the real picture of effectiveness of one or another

" version. Approximate calculations must at least be made, for example, for the
consolidated data presented above.

3.6. Full-Scale Indicators of Rail Shipments
a) Labor Productivity

During the past decade a increased volume of shipments was carried out with stable
numbers of workers with regard to technical reconstruction in railway transporta-
tion and improvement of operational work.

The contingent involved directly in railroad operation is usually taken into ac-
count when determining the labor productivity of railway transport workers. For
comparing the various types of fuel transportation, it is also more correct to re-
late workers involved in all types of transportation equipment repair in shipments
and at the same time the numbers of workers involved in passenger travel must be
excluded.

It is accepted that labor productivity is calculated per reduced ton-kilometer and
one passenger-kilometer is taken as equal to one net ton-kilometer of freight ship-
ments. In fact, the laboriousness of one passenger-kilometer is several times
higher than one ton-kilometer of freight shipments. According to the existing
method of determining labor productivity, an average of 11-12 percent of operating
personnel throughout the system is related to passenger travel. It is more cor-
rect in the first approximation to use the distribution of workers in proportion
to the train-kilometer, i.e., to relate 27-28 percent of all workers to passenger
travel. This approach is more accurate although it does not reflect the real sit-
uation. The numbers of train crews of passenger trains, especially long-distance
trains (with conductors for each rail car), is much higher than the number of
freight train crews. At the same time a freight train performs much greater ton-
kilometer work than a passenger train in passenger-kilometers.

Consequently, with this correction the numbers of workers involved in transport
related to freight shipments will be somewhat exaggerated.

The numbers of workers and average labor productivity on general-purpose rail-
- roads in freight shipments are presented in Table 3.16 [55].
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Table 3.16.
- ¥ n TEABHOCTD
D) | enelBhe paeor | o e S| tomoro | oavoro o
Toan 1IHKOD, SAHWIHX KB 3086 AEPERO3ATS, TIIKIOM D, 8HATOrO B8 FPY0BHIX
° NEPEBO3KAY, THC. e "3) q6C. Wea. (4 Popa. T-am nepea;nm. THC. T-MM
(5
1960 2011 1440 1504,2 1045
- 1965 1977 1420 1950,2 1372
1968 1968 1410 2274,8 1615
1970 1997 1425 24947 1750
- 1975 2070 1475 3236,5 2190
1977 2097 1490 3327,7 2240

1. Years

2. Number of workers involved in shipments, thousand persons

3. Those that can be conditionally related to freight shipments, thousand
persons

4. Freight turnover of rail transport, billion tons-km

5. Productivity of one worker involved in freight shipments, thousand tons-km

Thus, the typical annual labor productivity of a single worker in freight ship-
ments can now be calculated at 2.2 million tons-km or approximately 0.8 man-hours
per thousand tons-km.

For the future one can proceed from a reduction of the laboriousness of rail ship-
ments of fuel by heavy block trains to 0.6-0.7 man-hours on single-track railroads
and 0.4-0,6 man-hours per thousand ton-km on mainline railroads.

Appoximate calculations of the numbers of workers for a specialized mainline with
high productivity show that the laboriousness of shipments with a volume of 200-
250 million tons annually and with future technical equipping will comprise O. 3-
0.4 man-hours per thousand ton-km. The results of calculations of the variation
in labor productivity are presented in Figure 3.15 as a function of freight

intensity.
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Figure 3.15. Variation of Labor Productivity in Rail Transportation as a
Function of Freight Intensity: l--average conditions; 2--
for coal and liquid-carrying trains on ordinary mainlines;
3--for large-mass coal trains on specialized mainlines

Key:
1. Labor productivity, man~hr per 1,000 tons-km
2. Freight intensity, million tons=-km/ (km/year)
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b) Energy Indicators

The consumption of electic power or diesel fuel for rail shipments depends on many
factors: the type of traction, the profile and layout of the line, organizationof
traffic, the degree of utilization of rolling stock and so on. Report data on elec~
tric power consumption on the buses of traction substations or of diesel fuel by
diesel locomotives may not be regarded as comparable since they do not take into
account the fuel expenditures for production and preparation for consumption by

- railroad traction equipment. An estimate of the fuel consumption for shipments
can be gained from tHe country's fule-energy balance if one takes into account the
expenditures for fuel production, refining it to a form consumed by locomotives and
also the losses occurring at all stages of refining. If one proceeds from this
prerequisite, then when calculating expenditures of energy resources for freight
shipment by rail, besides energy expenditures to overcome the natural resistance
of motion and grades, one must take into account the following factors [54, 60].

With electric traction one must take into account fuel consumption for the electric
power plant's own needs, losses in electric power transmission lines, consumption
for fuel production and transport to electric power plants and losses during trans-
portation and storage.

With diesel traction one must take into account fuel consumption for oil production,
transportation to the oil refining plants and for production of diesel fuel, losses
for transportation to depots and losses at all phases of refining.

The actual mean network data on electric power and fuel consumption with electric
and diesel traction on general-purpose railroads and the averaged losses of energy
resources at different stages of refining and transport are presented in Table
3.17. An average of 8.0-8.5 kg of comparison fuel must be expended to ship one
ton of freight a distance of 1,000 km, which comprises approximately 0.7 percent
of the fuel hauled by railroads for oil and petroleum products and 1.1-1.3 percent
for medium-heat coal (5,500-6,000 kcal/kg). There may be significant deviations
from these mean data under specific shipping conditions.

Fuel or electric power consumption increases sharply with an increase in the per-
centage of empty runs, A further increase of fuel shipments can essentially be
accomplished, as already pointed out, with return of rail and tank cars without a
load, which leads to an increase of specific energy consumption. At the same time
the use of roller bearings in modern tank cars and gondolas leads to some reduc-
tion of specific fuel consumption. The specific fuel or electric power consump-
tion is significantly dependent on the railroad profile, the number of main tracks
in the use of carrying, i.e., the number of train stops and the idle time of
locomotives in trains.

The effect of a permanent reduction of specific fuel consumption at electric power
plants and the expanded use of alternating current traction of trains, which pro-
vices reduced electric power losses in the contact system, affect the improvement
of indicators of energy resource utilization on railrocads with electric traction.
There are significant reserves for reducing diesel fuel consumption with diesel
traction by improvement of diesels. The specific electric power and diesel fuel
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Table 3.17.

(l) Tloxasatemt Snexrpe "
(2) TArA 3) TR

(4)
I’acxoa 3/CKTPO3HEPrKH Ha WMINAX BLCOKOro HanpsXexns
THIOBHIX dI0ACTanuKA, XBt-yw, way auseabhoro TONJHBA, Kr

ycionHoro Tonauna, ua 10000 v-kM Gpyrro . . . ., . . 127,0 30,6
To xe na 1000 7-km nevro(5). . . . . . . . Coe 223,0 68,5¢
Pacxoa Toinusa na supaborky | kBr.q 9AEKTPO3HEPIMH, OT- ’

nywennoi nortpeSutensM (6) . . . . . . . . . . . . 0,340 -
Pacxon Tonansa #ta aoGu'y, Tpancinopruposky, nepepaGorky

W uotepu npw ero xpawenmit, % (7). . . .. . ., ., 5—10 15—20¢*
[Touii  pacxon swepropecypcos na MENLIHOAOPOXKHLIE

fILPeBO3KHE, KT YCAOBHOTO ToianDa, Ha 1000 T-kM (8). . . .| 8,0—8,4 8,084

*The increased fuel consumption indicators are explained by the fact that fuel
consumption for shunting and auxiliary work performed by diesel locomotives on
sections with electric and diesel traction is related to the net measurement of
1,000 ton-km.

**Including fuel expenditures for refining diesel fuel of sulphur to the require-
ments of locomotive diesels.

Key:

1. Indicators

2, Electric traction

3. Diesel traction

4, Electric power consumption on high-voltage buses of traction substations,
kW-hr, or of diesel fuel, kg of comparison fuel, per 10,000 gross tons-km

5. The same per 1,000 net tons-km

6. Fuel consumption to generate 1 kW.hr of electric power sent to consumers

7. Fuel consumption for production, transportation, refining and storage
losses, percent

8. Total energy resource consumption for rail shipments, kg of comparison
fuel, per 1,000 ton-km

consumption (per 10,000 net tons-km) on railroad sections of different character-
istics with 100 percent empty run of gondolas and tank cars is presented in Table
3.18. The specific fuel and electric power consumption increase sharply (up to
twofold) depending on the difficulty of the track profile--essentially on the
terrain relief (Figure 3,16).

The type of traction as a comparatively insignificant effect on energy consumption.
When electric traction is powered from future large electric power plants operating
on coal with fuel consumption of 0,310-0.320 grams per kWehr of power delivered to
the consumer or with development of nuclear power, electric traction is more de-
sirable than diesel traction both in energy resource consumption and especially in
the saving of liquid fuel.

Thus, the basic directions for reducting energy resource consumption for rail ship-
ments are concentration of shipments on two-track mainlines with favorable track
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Figure 3.16. Fuel Expenditures for Coal or 0il (Petroleum Product) Ship-
ments by Rail with Different Difficulty of Track Profile
with 100 Percent Empty Return of Rolling Stock: ==== ==
electric traction; --diesel traction; 1 and 3--single-
track sections, train mass of 3,000-4,000 tons; 2 and 4--
two-track sections, train mass of 6,000-8,000 tons

Key:
1. Specific fuel consumption, kg per 10,000 net tons-km
2. Grade i, percent

profile, supplying power to electrified railroads from economical electric power
plants operating on solid fuel or nuclear power and with diesel traction, using
modern diesels with low specific fuel consumption on diesel locomotives; the
typical fuel expenditures on shipments with regard to losses at different phases
of refining with 100 percent empty run of rail cars and tank cars are 10-12 kg of

- comparison fuel on railroads of all regions of the country except Western Siberia
and northern Kazakhstan and it is 7-8 kg of comparison fuel per 1,000 net tons-km
on railroads of Western Siberia and Kazakhstan with flat track profile.

Table 3.18. e
(1) A.ZJ‘ VAeAHINR POCXOR 3CKTPOINEPTHN WM
XapaxTepicTing Aoporit noeana, T TOMAKBA INW PACHETIION NOARE e, '/.o (3)

_—:_I—TT_S | wo | o

) (4) daexmpuneckan maza, xBm-y
HOByxnytnas i onnonyruaﬂ Manosa-

rpyxennas (5). . .| 3000—4000 { 185 | 226 | 271 | 306 | 342

) To xe(5). . . . . . . .| 6000—8000 | 180 | 221 | 264 { 296 | 320
3arpyxensan onuonyruan(s) . . .} 3000—4000 | 225 | 270 | 316 | 350 { 372

_ To xe(6). . . . . . . . . .. 6000—8000 | 193 | 238 | 200 | 328 | 332

N Tenaosoanan mnea, Kz yca08K020 MonAsa
DsyxnyThan uan oawonytHas Manoia-

TpyXennana(5) . . . . . . . .| 3000—4000 | 63,3179,0] 96.0]109,1] 117,0
- To xe(8) . .| 6000—8000 | 61,8 77,5 94,0] 105,6] 112,56
3arpyxennan onnonyruan (6). .| 3000—4000 | G6,2 | 83,5 | 101.5] 114.7] 121.2
To wel®@). .. .. ... 60008000 | 64,7 | 85.1 | 103.6 118.2] 126.0

[Key on following page]
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[Key continued from preceding page]:

1. Railroad characteristics

2. 'Train mass, tons

3. Specific electric power or fuel consumption with calculated grade, percent
4. Electric traction, kWehr

5. Two-track or one-track low-freight

6. Single-track loaded

7. Diesel traction, kg of comparison fuel

c) Metal Consumption

Determination of the metal consumption of rail shipments encounters a number of
methodical difficulties. The metal allocated to rail transport is consumed for:

construction of additional rail cars and locomotives;
increasing the length of main and station tracks;

repair of rolling stock (rail cars and locomotives) and other railroad
equipment;

replacement of worn rails and other parts of the upper track structure--
switches, rail bracing, manufacture of reinforced concrete crossties instead of
wooden crossties and so on;

supplying railroads with new equipment (electrification, more 1mproved com-
munications equipment and so on).

Investigations made it possible to establish the following indicators of the metal
consumption of rail freight shipments: 18-20 kg/(t<km/year) (net) to assimilate
shipments and 0.9-1.0 kg/(t-km/year) (net) to restore worn-out components.

The first indicator is the amount of metal supplied to transportation to increase
shipments: additional rail cars, metal to strengthen the carrying capacity of
railroads and so on and the second indicator is compensation for wear of metal:
replacement of rails, wheels, brakeshoes and manufacture of various spare parts
consumed during repair of main equipment.

These indicators are average for shipments of all freight. The indicators will be
close to those presented in shipment of fuels by ordinary trains with empty return
of rail cars or tank cars since a reduction of metal consumption achieved by im-
provement of freight capacity is compensated for by an increase of the empty run
of gondolas or tank cars.

The metal consumption of the types of transport over a prolonged period is some-
times calculated as the total metal expenditures during the service life, i.e., by
not less than during 25-30 years, to compare the types of transport (rail and pipe-

line) to different indicators of initial investments of metal and its annual con-
sumption. It is more correct to take into account the time factor when calculating
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metal consumption by reduction of metal consumed for repair to the year of an in-
crease of shipments, for example, by a formula similar for reduction of capital
investments at different times. With this approach the consumption of metal per
1,000 tons-km of increase of annual shipments performed over a prolonged time per=-
iod with indicators of the use of rolling stock typical for the system as a whole
will comprise 26-30 kg as a function of the reduction coefficient. The condition-
ality of this approach is obvious. .However, it more correctly reflects the es-
sence of the phenomenon from economic aspects than simple summation of metal con-

sumption for shipments over a number of years or underestimation of it to restore
basic stocks and for repair needs.
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Chapter 4, Gas Transport

4.1. Gas Pipeline Transport Systems in the USSR and Abroad

Natural gas is one of the most effective types of fuel. Gas consumers even with
identical cost of one ton of comparison fuel of gas and coal achieve an additional
saving from improvement of burning conditions, which can be estimated from 3 to 18
rubles, and in some cases even higher. The greatest svaing is achieved when gas

fuel is consumed at large electric power plants and the lowest saving is achieved i
in small furnaces and household devices and also when gas is used as a raw mater- i
ial of the chemical industry.

The enormous advantage of gas fuel is the high degree of its combustion and the
insignificant noxious discharges into the atmosphere, which makes the use of it
extremely desirable at enterprises located in cities.

The high efficiency of gas fuel use, especially in high-temperature production
processes, at enterprises located in large cities and for household needs, i.e.,

in those spheres where it produces the highest consumer saving, can be judged by
the rapid development of gas fuel imports by industrially developed countries over
pipelines of great length and maritime transport in a liquefied state with expendi-
tures that considerably exceed those to produce other types of fuel in the same
fuel equivalent.

The high economy of gas fuel provides the basis to assume that one of the basic
directions for improving our country's energy balance should be an increase in the
specific weight and efficiency of using gas fuel. The use of gas in the national
economy made it possible not only to increase the growth rates of the country's
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economy and product quality but in many cases to sharply improve the ecological
conditions of cities. Not only the geological reserves and production conditions
that determine expenditures for production but transport indicators as well affect
the specific weight of gas fuel in the country's fuel balance.

The gas transport system of the USSR is now an interrelated complex of fields,

major pipelines, gas depots and distributing pipelines. The gas transport system of
the USSR is inferior only to that of the United States in the amount of gas deliver-
ed to consumers.

Development of the gas transport system was begun in 1946 with construction of the
first Saratov-Moscow major gas pipeline 300 mm in diameter. The Dashava-Kiev and
Kokhtla-Yara~Leningrad gas pipelines 400-500 mm in diameter were then constructed.
Gas pipelines began to be put into operation at especially rapid rates in 1956
with regard to discovery of the Shebelinskoye, Stavropol'skoye and Krasnodarskoye
fields and the fields of Central Asia. The Northern Caucasus-Center four-pipe gas
transport system approximately 2,000 km long and with productivity of 42 billion m3
annually and the Bukhara-Urals system that established the beginning of the gas

- fields of Central Asia into the fuel economy of the Urals and the European USSR
was developed.

Construction of a large gas transport system from the four Central Asian-Center
pipelines was begun in the 1960's. Development of the Western Siberian fields was
begun in 1971 and the Urengoy--Nadym-Punga--Perm'~-Izhevsk-~Kazan'~-Gor'kiy and
other gas pipelines were constructed. The country's gas transport system has re-
cently been developing at especially rapid rates [30]. The rates of development
of gas pipeline transport can be judged from the data presented in Table 4.1.

Development of the gas industry is now characterized by intensive introduction of
fields of the northern regions of the West Siberian lowland and the Orenburg and
Central Asian fields into exploitation and a rapid increase of the distance of gas
transport. The accelerated development of gas production leads to a systematic
increase of its fraction in the country's fuel-energy balance.

The country's unified gas transport system has now been formed already, including
regional and functional major gas pipeline systems [60, 62, 63]. The Central Asia-
Center system permits delivery of approximately 56 billion m3/year of gas from the
Central Asian fields to the European USSR. The length of the system is 3,070 km
and it consists of two pipes 1,220 mm in diameter and one pipe 1,020 mm in diam-
eter, designed for a pressure of 56 kgf/cm2, and one pipe 1,420 mm in diameter de-
signed for a pressure of 75 kgf/cm2. The system delivers gas to the Central,
Volga and Urals systems. The northern regions of Tyumenskaya Oblast-Ukhta-Torzhok
is transferring approximately 20 billion m3 of gas annually to the Torzhok region
through the rapidly developing system. The length of the system is 2,850 km. A
new gas pipeline system of the northern rayons of Tyumenskaya Oblast-Punga-Perm'-
Center is being formed, approximately 18 billion m3 of gas annually is delivered
to Yel'ets through a section of the gas pipeline and approximately 80 billion m3
of gas annually will be delivered by 1980. The largest Urengoy-Chelyabinsk gas
transport system and further to the rayons of the Volga area is being laid in
Tyumenskaya Oblast. Approximately 60 billion m3 of gas annually will be delivered
through this mainline. The Orenburg-State border gas pipelines 2,750 km long are
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Table 4.1.
Noxasarem (1) 1965 1970 1976 1977

Tosapuui ras, mapa. M'froa (2). . . . . . 12,1 170,5 250,6 300,2

Mporaxennocts, Toic. kM(3). . . . . . . . 41,8 67,561 99,2 104,6

(I;pyaoodopo-r, uaps. MEM(4). . . . ... 'égé‘l Igaé2 Siigig 431.1

PEANAR ABABHOCTL TPSHCHIOPTHPOBKH, KM(5) .

IpysonanpaxeHnocTb, NAPA. M -ml:/xu (6).( .) . 1,68 2,43 3.4 l]%?

Key: .

1. Indicators 4. Freight turnover, billion m3-km
2. Commercial gas, billion m3/year 5. Average transport distance, km
3. Length, thousand km 6. Freight intensity, billion m3«km/km

being developed mainly to supply the southern regions of the Ukraine with gas and
to deliver gas for export. One of the gas pipelines 1,420 mm in diameter is being
constructed in cooperation with CEMA member countries. The Northern Caucasus sys-
tem is the main one for gas distribution of the Northern Caucasus fields to con-
sumers and partially for delivery to Donbass regions. The Central Asian system
delivers gas to the regions of Uzbekistan, Tadzhikistan, Kazakhstan and Kirgiziya
from the fields of Central Asia and by import from Afghanistan. The Transcaucasus
system provides consumers of Georgia, Armenia and Azerbaijan and also regions of
the Northern Caucasus with gas, i.e., the gas of local fields and also imported
gas from Iran is distributed through it.

The Central system distributes gas from the fields of Central Asia, Western Siberia

- and the Eastern Ukraine and transfers gas to other regions. The Eastern Ukraine
system supplies the Eastern Ukraine with gas and transports gas to the west [61].
Gas is delivered to consumers of Lithuania, Latvia, Belorussia, the Ukraine and for
export through the western system. The Volga system is used to distribute Central
Asian and Siberian gas to consumers of the Volga region. The Urals system is
ringed with the Central, Volga and Central Asia-Center system. The gas of Siber-
ian fields is connected to it. It is used to distribute gas in the Urals.

Along with the major gas pipeline system, a branched distributing system that sup-
plies gas to most any large populated points of the European USSR, the Urals and
partially to Central Asia has been developed in the USSR. The specific weight of
the length of the distributing networks in the total length of the gas pipelines
in the USSR comprises approximately 30 percent. This is less than in the United
States and European countries, which is explained primarily by the higher concen=-
tration of gas consumption [60]. It should be noted that it is now planned to
increase the specific weight of gas consumed for production and municipal-domestic
needs in the USSR, which leads to accelerated development of separating systems
[63].

The desire to increase the carrying capacities of large mainlines and to change
the structure of -onsumption increased the demands on the reliability of gas sup-
ply, which in turn required that measures be implemented to develop a reserve
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_ Figure 4.1. Indicators of Gas Pipeline Transport Development: l--commercial
gas of the USSR; 2--commercial gas of the United States; 3--
length of gas pipelines in the USSR; 4--length of gas pipelines
in the United States; 5--freight turnover of USSR gas pipelines;
6--freight turnover of United States gas pipelines; 7--freight
intensity of USSR gas pipelines; 8--freight intensity of United
States gas pipelines; 9--average length of transportation in the
USSR; l0--average length of transportation in the United States

1. Average length of transportation, km 3. Freight turnover, m3.km/year

2, Freight intensity, billion mekm/km 4., Commercial gas, billion m3/year
: 5. Years

system and to cover the peak gas consumption of consumers by another type of fuel

and to develop an underground storage system. There are now gas depots with active
volume of 34 billion m3 [62].

The total indicators for development of gas transport systems in the USSR and the
United States are presented in Figure 4.1 [30, S57].

The transport system of the USSR gas industry in the volume of gas delivery, length
of the major network, the use of large-diameter pipes, the freight intensity of

mainlines and a number of other indicators emerged in second place in the world
after the United States.

Gas pipeline transport in the USSR was developed at rapid rates with improvement
of the engineering and economic indicators, which made it possible to achieve
favorable results despite the increase in the distance of gas transportation and
shifting of production to regions with unfavorable climatic and hydrogeological
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conditions. This was the result of extensive use of the advances of scientific
and technical progress and primarily of the use of large-diameter pipes and con-
version to a pressure of 75 kgf/cmz. Moreover, the gas pipeline transport of our
country is being developed under conditions of good support with resources.

A characteristic feature of the development of the gas industry in the United States
is a gradual decrease of gas production and consequently of transport by explored
and proven reserves. Production by proven reserves decreased from 17.6 to 11.0
years from 1965 through 1973. If the gas reserves on the north siope of Alaska are
excluded, production is at the level of 9-10 years and this naturally restrains the
development of the hardware and technology of gas transport in the United States.

As can be seen from Figure 4.1, the freight turnover of gas pipelines in the USSR
was approximately 80 percent of the corresponding indicator of the United States
in 1975. The development of highly productive gas pipelines in the USSR made it
possible to bring the freight intensity up to 3.4 billion m3.km/km, unlike the
freight intensity equal to 0.92 billion m3.km/km in the United states.

Pipeline transport of gas is practically unchanged for gas delivery under the con-
ditions of any continent. However, loading of pipelines for their service life
must be provided for effective operation, which is ensured only with the presence
of the corresponding reserves.

The gas pipeline transport of the United States has been developed under conditions
of low effectiveness of geological prospecting work for gas. Thus, capital in-
vestments in development of the entire gas supply system of the United States com=
prised 1.935 billion dollars in 1965, which provided an increase of production of

35 billion m3. capital investments reached 3.0 trillion dollars in 1973 and pro-

- vided an increase of production by only 3.0 billion m3/year. The major expenditures
were required to maintain production at the achieved level.

According to preliminary data, approximately 50 percent of the consumed gas in 1990
in the United States will be gas produced in the region north of the 48th parallel
or exported in the liquefied state by maritime transport. The problem of construct-
ing a number of major gas pipelines from the northern regions is being discussed
widely in this regard. The problem of delivering gas from fields located on the
north slope of Alaska is being discussed. A version of combined gas transport by
the gas pipeline from Prudhoe Bay to Valdez is being considered, in which construc-
tion of a liquefaction plant and further transport to the west coast of the United
States in tankers is planned, and a version of gas delivery completely by land over
a gas pipeline route parallel to the trans-Alaskan pipeline to Fairbanks and then
to Calgary, from which one branch will go to Chicago and the other to San Francisco,
is being considered. The total length of the gas pipeline is 7,700 km of pipes
1,220 mm in aiameter. The total cost of construction is estimated at 10 billion
dollars.

A number of versions for construction of the gas pipeline from fields discovered on
the Arctic islands of Canada--the second expected significant resource base of nat-
ural gas on the American continent--have been advanced [97].
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As can be seen, further development of the gas industry of the United States by
exploitation of the gas fields in the Arctic regions of Canada and Alaska requires

_ very complex engineering solutions to develop transport systems and consequently
requires high capital investments.

The structure of gas consumption in the USSR and United States differ sharply.
| Thus, gas consumption by electric power plants comprises approximately 25 percent,
consumption by industry comprises approximately 70 percent and consumption by mu-
nicipal-domestic consumers comprises approximately 5 percent in the USSR, while the
fraction of the same consumers is approximately 15, 60 and 25 percent, respectively,
in the United States.

The structure of consumption also determined the characteristic feature of the gas
industry in the United States: extensive development of means for compensating for
irregular consumption and equalization of the lcad of mainlines, especialy those of
great length. The total productivity of means to compensate for irregular gas con=-
sumption was approximately 1.64 billion m3/day during the winter of 1975-1976 with
average daily gas delivery of 1.8 billion m3 by pipeline companies. Thus, compen-
sation supply of gas comprises approximately 50 percent of the total and 1.3 bil-
lion m3 goes to underground depots, 0.13 billion m3 goes to propane-air units and
0.2 billion m3 goes to liquiefied natural gas units.

Conditions in the United States permit the use of depleted oil and gas fields and
also other similar structures located near large gas consuming regions for crea-
tion of gas depots. There were 386 underground gas depots in the United States in
1976, of which 302 were created in depleted gas pools, 18 were in gas-oil pools,

7 were in oil pools, 53 were in water-bearing beds, 5 were in salt domes and one
was in a mine shaft with total active gas volume of 143 billion m3. The increase

in the role of units for gas storage in the liquefied state merits attention. There
are 57 liquefied natural gas units used to ccver peak loads in the United States and
Canada.

One 6f the main problems of further development of the fuel balance in the USSR is
improvement of the gas consuming structure: a decrease in the volume of gas de-
livered to low-qualified consumers. This should lead to development of a large
distributing network and an increase in the means of regulation and reserve of the

gas supply.

7he socialist countries of Europe mainly receive gas by import from the USSR. Gas
deliveries from the USSE have been increasing during the past few years and the gas
supply of these countries is achieving ever wider development.

The Orenburg-State border cas pipeline was constructed through the common efforts
of a number cof countries and a branched network of major gas pipelines has now been
developed on the basis of their own fields in the socialist countries and that de-
itivered from ht:ie USSK (Takle 4.27).

Beginnisy in 12867, majior wan ripeline transport in Western European countries be-

gan to re develowsd, The maw: natural resource base of the gas pipelines are the

€iplds in *tre Nerhérlasdsd and in the offshore fields of the North Sea. But since

the reseur o Fase oF Wesrsrs Puropean countries is rather limited, gas is imported
from the i%5x. ploasia apd Ctrey oou
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Table 4.2.
n SIHOCTD T830Rpo-
VT Wi oo e
- 1968 mo[ms 1977 1965 | 1970 | 1876 | 1977
Benrpua(3). .. .| 0.8] 1.7 | 2.4 | 2.8 || Pywanaa (6) . .| — | 6.4[7.117.4
rapi4). . ... — |12!3 13,5 | 13,9 }{ Yexocaosakun ¢7)| — | 6.7 | 8.4} 8,7
Moaswa (5) . . .{— | 54|69} 59 IOrocnasua {g). .| — | 0,8}1.0:13
Key:
1. Country 5. Poland
2. Length of gas pipelines, 6. Rumania
thousand kilometers 7. Czechoslovakia
3. Hungary 8. Yugoslavia

4. German Democratic Republic

The Ekifisk-Emden (German Federal Republic) with length of 433 km consisting of
pipes 900 mm in diameter was put into operation in 1975. Gas pipelines were laid
from the North Sea fields to a number of countries: the Brent-Scotland field with
length of 480 km consisting of pipes 900 mm in diameter, the K-13--Norway field
120 km long with 900-mm diameter pipes, the Isk~Frigg--Norway field 160 km long
with 900 mm diameter pipes and a number of others. Gas pipeline systems are being
constructed which will deliver gas from the North Sea fields to England, the
Netherlands, West Germany, Norway and to other countries. The gas pipelines will

- be under water at a depth of 120 meters or more. The problem of constructing a
trans-Scandinavian pipeline system for pumping natural gas from the fields of the
Norway sector of the North Sea is being considered.

The main gas pipeline system of Western Europe is the trans-European gas pipeline
which supplies West Germany, Switzerland and Italy with gas. The length of the

gas pipeline is 1,100 km and the carrying capacity of the first unit is 10 billion
m3 of gas. The gas pipeline passes through the Alpine zone in Switzerland, where
it crosses the mountains through 11 tunnels with total length of 32 km [77]. One
of the large branches of the trans-Eurcpean gas pipeline is that going to Brussels
and then to Paris.

The largest gas pipeline system for gas transportation from the USSR to European
countries is the gas pipeline passing through Czechoslovakia, Austria and then to
Italy.

A project for construction of a trans-Mediterranean gas pipeline linking Algeria
and Italy ic being developed. Gas will be delivered through the gas pipeline from
the Hassi-R'mel field to Cape Bone on the coast of Tunisia and then through the
Gulf of Tunis to Sicily and then across the Gulf of Messina to La Spezia (Italy).
The length of the gas pipeline is approximately 2,600 km [88].

The length of the major gas pipelines of the systems of West European countries is
presented in Table 4.3 [77, 78]. The distributing systems of a number of countries
exceed the development of mainlines 2-5-fold, i.e., gas is mainly delivered for
municipal-domestic needs.
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Table 4.3.
s | Mmoo M e
e (2) L ThiC, mm&—miol 0208, THC. KM
) 1965 | 1570 | 1975 | 1077 1986 l 1070 | 1975 | 10m
wpanuna3) . . f13,8]16,4}10.2] 19,0 | mams® . . . 03| — | 0.3] 0.3
- - PPT (4). oo 19,9122,4129,4] 32,1 || Huzepranu (9). .} 6.1 ]9,012,7] 12,7
Hraans (57 . . .) 5,5] 8.7}13.3 13,5 || Wieeuns (10) . .[{0,3({0,4] 0,4] 0,4
Ascrpun (6) . . .| 1,3f 1.5] 2,1] 2,3 || Weennapan (11).[ 0.8 [ 1.4] 2.1 2.1
Beavrua (7). . .| 3,6{ 2,1| 3,0] 3,1 :
Key:
- 1. Western European countries 6. Austria
2. Length of gas pipelines, 7. Belgium
thousand kilometers 8. Denmark
3. France 9. Netherlands
4, West Germany 10. Sweden
5. Italy 11. Switzerland

Thus, a rather branched system of gas pipelines is being formed in Western European
countries, primarily in West Germany and France, with relatively low productivity
and with maximum pipe diameter of 1,000 mm and productivity up to 10 billion m3/
year.

4.2, The Engineering and Economic Indicators of Major Gas Pipelines

The modern level of engineering of the major gas pipelines in the USSR can be char-
acterized by the use of pipes 1,220 mm in diameter at pressure of 57-75 kgf/cm2
with carrying capacity of 15-16 and 20-22 billion m3, respectively, and pipes

1,420 mm in diameter at pressure of 75 kgf/cm2 with carrying capacity of approxi-
mately 28-30 billion m3/year and by extensive use of centrifugal blowers, primar-
ily with gas turbine drive with rating of 6,000 and 10,000 kW and formation of
multi-pipeline systems with junctions that provide relatively high degree of oper-
ational reliability. The structure of the gas pipeline system in the USSR is shown
in Table 4.4 in percent of the total length by pipe diameters.

wh

Table 4.4. Percent of Total Length

mn(ngp. MM 1965 1970 1978 1977 Jimamerp. MM 1968 1970 1976 1977
1420 —_ - 3,7] 5,8 1020 17,81 23,5 { 20,6 | 19,7
1220 - 6,7}15,6] 16,9 820 u np. 82,2 | 70,8 | 60,1 | 57,6
(2)
Key:
1. Diameter, mm 2. 820 and so on

79

FOR OFFICIAL USE ONLY
f

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

PUN VU SCAMA) ViIAs wivsa

As can be seen from the table of Table 4.5, almost half the gas pipelines is con-
structed of pipes more than 820 mm in diameter. Only 16 percent of gas pipelines
in the United States have been developed from large-diameter pipe [36, 62].

Straight-seam large-diameter steel pipe is usually employed for major gas pipelines
in the USSR (Table 4.5). ’

Part of the pipes 1,420 mm in diameter is imported. However, _the cost of imported
pipe is relatively high [38]. Obviously, the specific weight of imported pipe will -
decrease gradually in the future. The planned high rates of development of the gas
industry with involvement of fields of the northern regions of Western Siberia with
gas transportation distance of 3,000 km or more predetermine the rapid development
of the need for pipes and development of a guiding gas pipeline system to provide
numerous consumers with gas.

Table 4.5.
‘ o (2) Asauer 0, un .
floasinen o2 | 120 1220 1220 120 1420
l;l“:nmfﬂm.(:?)c‘reu.xn', 10—14 12--15,2 11—15 10,5—12.,5 | 16,5—19,5 17,6—20,6
H aTenbHOe
il:;;eufie, xrclgg 66—100|65—82,7 | 656—90,4 70 90—100 90—100
Mpenen YHOCTH,
&‘it,.ﬂ” ) -| 57 52 57 60 60 56
™,
R (6y. | 36 % | 40 2 P a2
OTHOCHTeAblOE Y-
annenne, % (7)- 20 20 19 20 20 20
YAHPI;NI’ BS..KOCTb,
- Krcfeu?, npH:
(9) munyc 40°C(8.) 3 3 3 5 6 335
(9) Mmuyc 60°C .| — - - - 5 ,
Key:
1. Indicators 6. Yield point, kgf/mm2
2, Pipe diameter, mm 7. Relative elongation, percent
3. Wall thickness, mm 8. Impact strength, kgf/cm2, at:
4, Test pressure, kgf/cm? 9. Minus
5. Ultimate strength, kgf/mm2

) The most widely distributed type of pumping units in the USSR are now gas-turbine
units with unit capacity of 4,000-10,000 kW. In 1975, 2,100 gas-pumping units
with total rating of 8.2 million kW were operating on the gas pipelines in the
USSR. The structure of the stock of pumping units is presented in Table 4.6 [38].

In 1975, 4,029 gas-pumping units with total rating of 6.0 million kW were operating
on the gas pipelines of the United States. Moreover, the structure of the stock
was the following in percent: 68.1 reciprocating units, 21.7 gas turbine units,
5.3 electric drive units, 4.2 with aviation drive and 0.7 percent with steam tur-
bine drive. As can be seen, the compressor stations of United States gas pipe-
lines are equipped with less modern machines and lower unit rating than those of
USSR gas pipelines.
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Table 4.6.
Eamsrsan  {3) OGuae Crpyxrypa,
: Tun arperata (1) ( mﬂ. uumml')(cg. [4Y/.oﬂuu
l‘aaorypﬁuunuﬁ(s). e e | Bn .ﬁﬁ?e 3640 44,4
I's3ovypOunumt . . . ., , . e e e e 9—10 2080 25,4
- nexrponpusoamoit (6) . . . . ... ..., 4-5 1665 20,2
Fasomoropuu (7). . . . . . ... ..., 4 1 Huxe . 825 10,0
Key:
1. Type of unit 5. Gas turbine
2, Unit rating, MW 6. Electric drive
3. Total rating, thousand kW 7. Gas=motor
4, sStructure, percent of total rating 8. And below

The use of pipe 1,020, 1,220 and 1,420 mm in diameter at working pressure up to
75 kgf/cm2 made it possible to achieve favorable engineering and economic indi-
cators of gas transport (Table 4.7). Construction of gas pipelines, especially in
northern regions, showed that the adopted transport technology and methods of
construction require further improvement, primarily on gas cooling. Gas transpor-
tation at temperatures of 50-30°C may lead to disruption of the hydrogeological
conditions, specifically to the routes turning into swamps.

Table 4.7.
(1) Noxasatem (2) fmrere.
) 1020 120 1420
[ponycknas crocobHoCTS, MADL. W/roa(3) . . 16—18 19—22 28—30
Merannosarparu, T/(Mapa. M>/xM) %). e 20,2 19,5 18,1
dueprosaTpath, Toic. KBr-u/(Mapa, W¥xu)(5) . 200 | 180 120
Lienmpansnoie pationn (6)
Kanutanosnoxmenns, tuc. py6/(mapa. wd-xm) (7) 17,5 16,8 12,4
Dkcnyatawsionnme 3aTpath, (g)
THC, Ppy6/(mapm. m3-kM) .. ., . L. 2,46 2,29 - 2,26
Tpusenennbie 3arpath, Thic. py6/(mapa. u’-x; 4,56 4,31 3,74
(10) Cesepume paltonm
Kanuranosnomenid, Thic. pyS/(Mapa. ®°-km) (7) 35,4 34,5 249
DKonayaTaUHOHHbE 3ATPaTH, (8)
THC. py6/(Mapa. M¥kM) . . . . L . 3,44 3,20 3,26 .
Mpnvenennsie aatparw, Toic. py6/(mapa. uikujg) 7,70 7,36 6,24

1. Indicators

2. Diameter, mm

3. Carrying capacity, billion m3/year

4, Metal expenditures, tons/(billion m3/km)

[Key continued on following page]
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[Key continued from preceding page]:

5. Energy expenditures, thousand kW.hr/(billion m3:km)
6. Central regions .

7. Capital investments, thousand rubles/(billion m3-km)
8. Operating expenses, thousand rubles/(billion m3km)
9. Reduced expenditures, thousand rubles/(billion m3-km)
10. Northern regions

The main engineering and economic indicators for development of gas pipeline trans-
port in the USSR during the period 1965-1977 are presented in Table 4.8 [62].

Despite the fact that construction of major gas pipelines from the northern regions
of Tyumenskaya Oblast is being carried out under severe conditions (the gas pipe-
line routes pass through swampy terrain and through sections with permafrost soils)
and that expenditures for construction increased 1.8-2.0-fold compared to expendi-
tures in the country's central regions, stabilization of the specific capital in-
vestments and cost of transport work is being observed. This has been achieved
primarily by extensive introduction of large-diameter pipes and an increase of
working pressure. Labor productivity was increased by an increase of unit capaci-
ties and as a result the specific weight of expenditures for wages was reduced

- somewhat.
Table 4.8.
B . Moxasarem (1) 1966 1970 1975 1977
Vaenvunie kanutanosaoxenns, (2)
Thic. pyls/(mapn. M*-xM) . . . . . . . . 24,3 32,1 21,0 28,0
®onjooTAaua N0 o6bvemy rpysoobopora,(3)
THe. MUKM/PYS. . . . . . . o .. 31,4 34,0 34,8 36,1
- AkcnnyaTanHoONHHE PACXOAL, MAH. Pyﬁ/ron(t}) . 173,4 346,2 740,0 959
CeBecronmocts, THC. PyO/(Mapa. w-xM)(5) . . 2,46 2,11 2,19 2,20
Key:
1. 1Indicators .
2. Specific capital investments, thousand rubles/(billion mdekm)
3. Fund recovery by volume of freight turnover, thousand m3.km/ruble
4. Operating expenses, million rubles/year)
5. Cost, thousand rubles/(billion m3.km)

Energy expenditures increased sharply during the period 1965-1977. The extensive
construction of compressor stations carried out during this period and caused by
an increase in the distance of gas delivery and by an increase of intensification
of pipe utilization was felt here. Review of prices for electric power and gas al-
so led to an increase of energy expenditures. Prior to 1967 gas for the needs of
pipelines was paid for by prices corresponding to expenditures for production in
the fields and for transport to the compressor station. The change in the struc-
ture of operating expenses, rubles/(million m3.km) is presented in Table 4.9.
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The distribution of operating expenses for the part dependent and independent of
the volume of work is of special interest. -

Table 4.9.

Crpyxrype pacxozoe (1) 1965 1975

3apaﬁoﬂ$azn) BAATB . " o . e e e e e e e e . 0,35 0,27 .
Heusicaenns Ha sapaGotnyio maaty (3). . . . . . . . . 0,03 0,02
Matepuanu-peareHtt (4). . - - - . . . oo . oo . 0,03 0,09
DHepreTHueckHe 38TPATW, BKAloyaA wotepn rasaa(5). . . . 0,59 0,62
AmoptHssunonnsie  otuncaemus (6). . . . . . . . . . 1,10 0,93
Mpoune pacxoaw (7). . . . . . . . « . . . . 0,36 0,26
Hroro:(g) 2,46 2,19

Key:

structure of expenses

Wages

Wage bonuses

Reagent materials

Energy expenditures, including gas losses
Depreciation deductions

Miscellaneous expenses

Total

W3O UL W
S .

Expenses not dependent on the volume of work are constant at the given technical
equipping of the gas pipeline, despite fluctuations in the load. According to ap-
proximate calculations, dependent expenses comprise approximately 25 percent of the
total operating expenses. Depreciation deductions are also not dependent on the
volume of work. As a result only about 10 percent of all the reduced expenditures
are dependent on the volume of work. These ratios indicate the high economic ef-
fectiveness of maximum loading of the carrying capacity of gas pipelines primarily
by reducing the coefficient of irregular gas delivery.

under these conditions an increase of the utilization factor of carrying capacity
of gas pipelines must be considered as one of the decisive measures for further im-
provement of the economic indicators of gas pipelines.

The direction adopted in the Soviet Union to reduce irregular gas consumption
through regulation has already made it possible to reduce the needs to 0.87-0.88

of the average annual needs during the summer months and to increase consumption to
1.18-1.19 of average annual consumption during the winter. However, there are
still large reserves for further improving the load of pipelines by increasing the
speci fic weight of gas expended by regulating consumers and especially by construc-
+.on of depots at consumption points. The latter measure is also required to pro-
vide a reliable gas supply.

Pipeline transport of gas is an energy- and metal-consuming type of transport.
Energy expenditures per unit of freight turnover are approximately 4-5 times great-
er than during rail transport. In conditional calculation, they comprised 480
tons/ (billion m3.km) in 1965, 464 in 1970 and 504 tons/ (billion m3.km) in 1975.
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The reduction of specific metal expenditures per unit of freight turnover is fol-
lowed from 81.6 tons/(billion m3.km) in 1965 to 56.9 tons/ (billion m3-km) in 1975,
which made it possible to compensate for the increase of metal consumption per unit
of delivered gas with regard to the significant increase in the transportation
distance. The distance of gas delivery increased from 626 to 1,345 km during the
period 1965-1975, i.e., 1.96-fold, while the specific metal expenditures per unit
of delivered gas increased from 51.1 to 71.3 tons/million m3, i.e., by only 39
percent. This was achieved mainly by using large-diameter pipes and by increasing
the working pressure with a simultaneous increase of metal quality (see Table 4.7).

However, a lag in construction of compressor stations is being observed for some
gas pipelines, which led to a decrease of gas pipeline productivity and consequent-
ly to deterioriation of their engineering and economic indicator:, including spe-
cific metal expenditures. Large reserves for a further reduction of specific metal
consumption are hidden in an increase of the quality of pipe metzl.

The number of maintenance personnel in transport increased 1.9-fold during the
period 1965-1975, which is explained by the rapid rates of development of the gas
industry, while labor productivity per transport worker increased from 3.44 to 9.15
billion m3+km during this same period, i.e., 2.6-fold. Significant reserves for
reducing the number of maintenance personnel and for increasing labor productivity
are to be found primarily in increasing the operating reliability of equipment and
in correct organization of repair at centralized enterprises, extensive automation
of control, accounting and fiscal reporting. An increase of labor productivity can
be achieved by maintenance personnel being qualified in several occupations.

Thus, high results have been achieved during the past few years in development of
the gas transport system of the USSR. Fulfillment of the decisions of the 25th
CPSU Congress on accelerated development of the gas industry will lead to the
fact that gas production will reach 400-435 billion m3 in 1980, i.e., it will in-
crease 1.45-fold compared to 1965.
4.3. Basic Directions for Development of Gas Pipeline Transport in the USSR
a) Main Problems.
The main problems of developing gas pipeline transport are [2]:

creation and development of super large gas pipelines of high productivity
and distance of gas delivery of 3,000-4,000 km from the fields of the northern
regions of Tyumenskaya Oblast to the European USSRj

construction of gas pipelines from medium and small fields with limited yield
to consumers or for connection to a common pipeline system;

development of a branched major distributing system that links the yields
from the main gas-producing regions to a local distributing system that provides
gas delivery from mainlines to large consumers or groups of smaller consumers.
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The fields of the northern regions of Tyumenskaya Oblast are distinguished by rel-
atively favorable mining-geological conditions for drilling and high yield of
wells. All these factors lead to the fact that, despite the severe climatic con-
ditions, the presence of permafrost and swampiness of the area of the fields, gas
production in these regions is profitable. Therefore, the gas reserves of the
northern regions of the West Siberian lowland and the Yamal peninsula are regarded
in the foreseeable future as one of the country's main fuel bases [41].

The gas fields of the northern regions of the USSR are now a source of increasing
gas production and of providing the country with more qualified fuel. The main
consumers of the gas are the regions of the European USSR and the Urals. Part of
the gas is delivered for export across the western borders. The distance of gas
transport from the northern regions of Tyumenskaya Oblast to consumers comprises
and average of 3,000 km and in some cases even more. Expenditures for mainline
and branched transport under these conditions reach 60-80 percent of the total cost
of consumer gas [41].

These conditions make the problem of gas transport from the northern regions of
Tyumenskaya Oblast one of the main problems of formulation of the energy balance,
that predetermines to a significant degree the development of the country's econ-
omy [25]. 1In this casethe problem should be regarded as a long-range problem and
the use of both hardware already available and planned for use in the future and
more modern productive engineering solutions subject to development in the near
future should f£ind application in solving it.

The main characteristic of gas transport systems is the rigid connection of the
transport process to production and consumption of fuel: variation of production
or consumption is immediately felt in transport, changing its parameters, and con-
sequently changing the engineering and economic indicators. This characteristic
of gas pipeline systems must be taken into account in planning, i.e., selecting
the parameters and phases of development of systems is not a problem of transport
alone but is part of the problem to develop an effective structure of the country's
energy balance.

Moreover, a rigid internal production relationship is inherent to pipeline systems,
including gas pipeline systems, which makes them dynamic, increases the require-
ments on their systems reliability and expands the methods of creating reserves
and regulating them. There is the possibility of cycling the systems, creating
intersystem jumpers and implementation of other measures that increase the effi-
ciency of this system.

_ General concepts on formation can be advanced according to the problems of develop-
ing the country's gas transport system.

b) long-Distance Gas Transportation Systems

Capital investments and metal and equipment expenditures to develop long-distance
gas transportation are so high that they determine a special approach to selection
- of their capacity and load according to operating time.
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The depreciation period of gas pipelines has been established at 30 years. The
service life of a gas pipeline may also be higher than the depreciation life with
sufficiently high-quality insulation and improved protection of pipe metal against
corrosion by electrical engineering methods. Consequently, as complete use as
possible of capacity during the entire operating period should be provided to in-
crease the efficiency of long-distance pipeline systems. Moreover, design and de-
velopment of gas pipelines are carried out in most cases under conditions of
incomplete information. There is a number of specific factors for gas pipelines
that are difficult to take into account during design.

Geological study of a region is usually inadequate. Even if the proven reserves
of discovered fields turn out to be reliable, there are several indefinite factors
in this case.

Fields with economically effective conditions of exploitation may be discovered in
the future near fields or along the route of the gas pipeline, which changes the
volume of the gas to be transported and requires implementation of redesign mea-
sures (laying of a parallel pipe, loops and so on) that affect the change in the
operating conditions of the gas pipeline. However, these suggestions, even with
the presence of predicted reserves, are not sufficiently substantiated and cannot
be taken into account during design.

If there are data on reserves, even if they are quite reliable, the parameters

for exploitation of a field for the entire period of operation and especially for
the period of decreasing production, i.e., when gas sampling will decrease with
regard to the drop of bed pressure and the reduced yield of wells, cannot be es-
tablished with sufficient accuracy during planning. It is known that the rates of
decrease of gas productio: for individual fields and sampling of it during this
period depend on numerous jeological features of the field. The methods of inten-
sification of gas sampling not yet known during planning can also not be taken in-
to account.

These factors that determine the conditions for exploitation of fields make the
initial information for calculation of a gas pipeline in many cases condition to

a significant degree. Even if one proceeds with total reliability of proven re-
serves of fields and schemes for exploitation of them adopted by the plan, loading
the gas pipeline to full capacity cannot be provided even in this case with the on-
set of decreasing production. To determine the productivity of the gas vipeline,
gas production is usually taken at the rate of 5 percent of extracted cas reserves.
However, the total volume of gas delivered over the entire operating period will
be considerably less in this case than was determined by calculation, based on
uniform loading during the entire period of operation. Consequently, the actual
specific expenditures may be considerably higher than calculated in a number of

_ cases. The periods of development of a field and of increasing the carrying ca-
pacity of a gas pipeline to design capacity and preparation of consumers to receive

- the gas must also be taken into account. The actual periods of developing the de-

_ sign capacity of gas pipelines are shown in Figure 4.2. The length of the period
of assimilation of the design capacity during the last period comprises 2-3 years
for one-pipe gas pipelines; this period is iricreased for pipelines having several
parallel pipes. However, it usually does not exceed the indicated period for a
single pipe.
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Figure 4.2, Assimilation of Design Capacity of Gas Pipelines: l--Bukhara-
Urals (two pipes); 2--Central Asia-Center (four pipes); 3--
Ukhta-Torzhok (two pipes); 4--Nizhnyaya Tura-Center (two pipes);
5--norther regions of Tyumenskaya Oblast-Tura (four pipes)

Key:
1. Introduction of dzsign capacity, percent 2. Years of construction

Development of local gas consumers must be taken into account when selecting the
calculated productivity of a gas pipeline. The volumes of local consumption and
the growth rates are extremely different for individual regions and fields.

Maintenance of gas pipeline productivity for a prolonged period at the planned
level is possible if this factor is taken into account during design or when new
fields are connected to it and also when gas pipelines from more remote fields are
connected to the system.

Underestimation of this factor may lead to the fact that gas pipelines delivering
gas from fields that have already entered the decreasing production phase begin to
operate with incomplete loading and deteriorated indicators.

Gas pipeline systems shou:3 be calculated on the basis of proved reserves with cal-
culation of their operation at total loading during the entire or the greater part
of the depreciation period in order that these systems operate during the decreas-
ing production phase with a gradual decrease of working pressure and that they be
maintained in the operating state by relaying or switching off individual, more
corrosion-damaged sections (with multipipe systems) and other measures.

Formation of multipipe gas transport systems, especially from the larger northesn
fields, and selection of the number of developed pipes and the production param-
eters of gas transport should rely on careful analysis of prospected and proven
reserves and the conditions for exploitation of gas fields.
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Economic investigations on optimization of the highest steady gas delivery, depend-
ing on the extracted reserves and the modes (strategies) of the gas transportation

system, were conducted in a perennial profile for specific total expenditures, which
were calculated as “he sum of the annual capital investments Kijn and operating ex-
penses Cijn reduczd to the first year of operation of the gas transportation system:

2 Kllu+ C'll.n
T+E" '

(»)

where n is the number of years of construction and operation beginning with the
first year and Ep is the reduction factor.

The freight turnover Ajjn was also reduced in similar fashion to the first year:

E ':'Allu
TR
(m
The specific reduced expenditures, corresponding to each of the strategies for de-

velopment and functioning of the gas transportation system, can be represented in
the following manner:

Kyn+ Cijn

The perennial operating conditions of a gas transportation system and its economic
indicators were calculated by different versions with the highest gas delivery
variable in a range given in percent of the extracted reserves. The depreciation
period of gas pipelines was taken as equal to na, years. The time the gas pipelines
were brought to condition ng and the period of stationary mode of gas pipelines nst
were taken by version. A reduction of gas delivery is typical for the latter
years, i.e., the utilization factor of developed transport capacities decreases.

The calculations were carried out for identical total gas yield by versions during
the entire operating period of gas pipelines.

The mathematical postulation of the problem canbe represented in the following
manner: there is a finite number of scenarios of perennial operating conditions
of a gas transportation system

A={A,, A, ..., An),

which accordingly provide a number of versions of gas yield

B=(B\, By, ..., Ba)
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and to which corresponds a number of solutions for the highest steady gas yield
Q=(le Q’l veey Q'l)-

A matrix of the specific reduced expenditures ITuml(i=l, n; j=1, n; k=1, n) yag com-
piled for the optimization solution. The expenditures permit selection of a mini-
max strategy for development of transport with mean value of payoff (with regard
to specific reduced expenditures for construction and operation). The best (eco-
nomically effective) strategy is then that to which will correspond

v=min max/T.

The results of calculations made by the considered method for gas pipelines of
different length and different conditions of construction are presented below.
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Figure 4.3, Diagrams of Operating Modes of Transportation Systems With
Different Calculated Gas Yields from Fields

Key:

1. Planned productivity, percent of extracted reserves

2. Period of construction and operation (in percent of 30 years)
Different levels of the planned productivity of a gas pipeline, which comprises
from 2 to 6 percent of extracted reserves (Figure 4.3), was considered for all
conditions of the route.

The following propositions were used in the calculations (Figure 4.4):

l--the fields are located in the European USSR and the length of the gas pipe-
line route is 500-700 km;

2-~the fields are located in the Urals and Central Asia and the length of the
pipelines is 1,500-2,000 km;

3-~-the gas pipelines are laid from the fields of the northern Tyumenskaya
Oblast with length of 2,500-3,000 km without permafrost sectioas;

4--the gas pipelines are laid from fields located north of the Arctic Circle
when the route partially passes through permafrost conditions and has a length of
approximately 3,000 km.
As can be seen, the planned productivity of a gas pipeline of approximately 5 per-

cent of the extracted reserves is close to optimum for pipelines from a field in
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Figure 4.4. Variation of Reduced Expenditures for Transport as a Function of
Gas Yield for Different Locations of Fields and Passage of Gas

Pipeline Routes

Key:
1. Specific reduced expenditures, thousand rubles/(billion m3+km)

2. Planned productivity, percent of extracted reserves

the European USSR. However, gas pipeline productivity of 4.5 percent of extracted
reserves is more feasible with pipeline lengths of 1,500-2,000 km. A calculated
productivity of 3.5 and even 2.5 percent of extracted reserves, respectively, can
be taken for construction of heavy and unusually long gas pipelines in order to
ensure continuous operation of the pipelines over a prolonged period. It should be
noted that complication of construction conditions and an increase of the gas pipe-
line route not only worsens the economic indicators but also constricts the zone of
optimum solutions. If a short pipeline laid under favorable conditions is charac-
terized by a sloping optimum of gas yield levels on the graph (1 in Figure 4.4),
then a long pipeline and especially one laid under unfavorable conditions is char-
acterized by a clearly marked optimum level of gas yield (4 in Figure 4.4) that
provides normal operation of the pipeline at the calculated load.

This indicates the need to investigate the scope of yield as one of the factors
determining the effectiveness of gas pipeline systems of great length and also
forces one to approach very carefully the selection of the calculated productivity
of gas pipelines, Moreover, it becomes obvious that one must proceed from real
conditions with regard to the period of assimilation when yield will increase
gradually to the calculated value and with regard to the operating period of the
system under conditions of decreasing yield of fields if other fields in this re-
gion are not prospected, rather than from conditions of a uniform gas yield for the
entire operating life of the gas pipeline when selecting the parameters of the pipe-
line and when establishing the wholesale prices for gas.

¢) Major Gas Pipelines of Short Length

A number of conditions that increase the reliability and maneuverability of the

gas supply of nearby regions must be taken into account to provide high engineering
and economic indicators of gas supply for the national economy when establishing
the productivity of gas pipelines of short length that connect fields with rela-
tively modest reserves to the country's overall gas-supply system.
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Forced sxplofialiion of f1slds which are not quite advantageous for the sector
economy i bne gar lugowury $ay be required to provide the rates of development
of the orusiyy's eccna¥y, In this caze the problem of using fields located in the
gas-consuming fegions as regulators to cover the peak loads with regard to more

- uniform and high load of majicr gas pipelines of great length merits special atten-
tion. Major gas pipeiines in turn should be designed for high load during a short
period, after which they can be used as gas depots required to equalize irregular

consumption and interruptions of gas supply during emergency situatioms.

If the short operating life of these gas pipelines under full load is taken into
account, they can be designed to operate in the forced mode.

Thus, when a gas pipeline is operating in the calculated mode for 4 years and pro-
ducing 22-25 billion m3 of gas annually, two pipes 1,020 mm in diameter can be laid

Z with spacing of 90-100 km between compressor stations instead of three pipes and
spacing of 130-140 km, as would be the case during operation of a gas pipeline for
a prolonged period in the calculated mode. The system of two pipes permits a re-
duction of total expenditures by 40 percent over a period of 15-20 years compared
to a system of three gas pipelines.

It is obvious that selection of the parameters and operating modes of systems re-
quires detailed analysis of their load during the entire operating period for each
specific case. Orientation toward production of 5 percent of proven reserves and
calculation of all parameters of the system based on this production during pro-
longed operation may lead to unsubstantiated losses.

d) Extractions from Major Gas Pipelines

Major branching gas pipelines that deliver gas from major systems to individual
consumers are characterized by a gradual increase of gas delivery as the industry
of a region is developed; there may be periods of accelerated growth caused by
startup of a some large gas consumer or a slowdown in the rates of an increase of
consumption due to introduction of enterprises that operate on another type of fuel
and there may be other reasons. However, one may assume in the first approximation
for these pipelines that there is approximately uniform growth of productivity in
time with rates typical for one or another region.

When working out the basic directions for development of a country's economy, data
on the need of large economic regions (oblasts) are found in the first approxima-
tion. Only extrapolation of the consumption indicators is practically possible for
the more remote period, which may yield only approximate results. However, they
are adequate in many cases to select the basic parameters of these gas pipelines.
The engineering and economic indicators of different versions of a pipeline system
that delivers gas from a major gas pipeline to industrial centers where an increase
of gas consumption by an average of 0.5 and 1.0 billion m3/year is expecte  and
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where the carrying capacity of existing pipelines has been essentially exhausted,

are presented in Table 4.10.

Gas delivery to these regions will reach 15 and 30 billion m3/year, respectively,

over a calculated period of 30 years.

sions of laying different diameter pipes.
for several typical versions with conditional pipeline length of 500 km.

1

Gas delivery may be solved by several ver-

The results of calculation are presented

Table 4.10.

(1)

(2) Temmi pOCTA GOTOKE Tasa, MAPA. M*/roX

0.8 1,0
Bapuaarni rwwlpoeomloq 4) L § B
CHCTEME - -
2 }'Lwa!mm: H ‘f E ; _ﬂmcmﬂ. ig'f
a{ MApR. ub/roa a-a B a MAPK. M*/rOX L a-a
Opunonntounud  Tpy6o-
npoeoa® . co. . 11220 | 15,0~16,0 | 100 | 100-| 1440 30,0 100 | 100
llsyxumounuuﬁ ¢ no-
CTpofiko BTOPOR 92 90
nutkn yepes 15 qer| 820 7,076 | gz5 | 118 1220 15,0 e 108
Tpexuurounnfi ¢ M0- {g)
cTpolikof  xawaod 87 83
HHTKH uepes 10 ner| 720 | 4,6—6,0 73 16011020 9,5—~10,0 &0 114
llerupcxninouuuﬂ c
noctpolixod kawmof {10)
HHTKH  uepes T— 80
NET o v v v v o s — — — -—_ 8201} 7,0~7,5 78 27

In the numerator with reduction factor of 0.

of 0.15.

12 and in the denominator with factor

2Pipeline pressure of 75 kgf/cm2 and pressure of remaining pipelines of 56 kgf/cmz.

Key:

QoUW
.

, Versions of pipeline system
Growth rates of gas volume, billion m3/year
Gas pipeline diameter, mm
Carrying capacity, billion m3/year
Reduced expenditures, percent
. Metal expenditures, percent

One-pipe pipeline

8. Two-pipe pipeline with construction of second pipe every 15 years
9. Three-pipe pipeline with construction of each pipe every 10 years

10.

Four-pipe pipeline with construction of each pipe every 7-8 years

It is obvious from the data of Table 4.10 that the reduced expenditures for devel-
opment of the entire system over a 30-year period are more favorable with a grad-

wal increase of carrying capacity by laying

additional pipes every 7-10 years,

although the total metal consumption increases in this case.
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4.4. Increasing the Efficiency of Gas Pipelines
a) Quality of Pipe Metal

An increase in the strength of steel and consequently a reduction of the wall
thickness and mass of pipes can be achieved by heat treatment.

Engineering and economic comparison of pipes 1,020 mm in diameter of the Novomos-
kovsk Metallurgical Plant is presented in Table 4,11: data for unstrengthened
pipes are presented in the numerator and data for thermally strengthened pipes are
presented in the denominator [4, 34, 46]. '

If thermally strengthened pipes are used, the metal expenditures are reduced by
17-20 percent while the reduced expenditures are reduced by 14-17 percent. The ef-
fectiveness of this method will increase as the technique and technology of thermal
strengthening are developed and improved.

Table 4.1l.

(3)7 &mﬂmmﬂu‘tnlumﬂ.mwa
Toauuusa Maccea 7
_ cren, MM “f nn?’g b (4) - u&?)ymumm (Glm p—
] (1) (2)
1,0 273,7 85,0 36,4 49,1
9,0 21,4 70,0 31.6 73
12,5 310,5 92,7 40,8 54,7
10,0 2431 75,6 35,0 16,3
14,0 7,3 100,7 45,2 60,3
11,0 7.7 81,0 38,2 50,4
Key:
1. wall thickness, mm 4, Capital investments
2. Pipe mass per km, tons 5. Operating expenses
3. Expenditures for production of 6. Reduced expenditures

1 km of pipe, thousand rubles

Approximate variations in the cost of one ton of steel pipe of different strength
and the effect of alloying additives on production expenditures of 1 km of pipe are
presented in Table 4.12 [34].

An increase of metal quality by using alloying additives and other methods leads to
a significant increase of expenditures for pipe manufacture, but expenditures per
kilometer of pipeline increase insignificantly due to a reduction of wall thickness.

However, the need for metal is reduced sharply in this case, which is a decisive
factor for accelerating the development of pipeline transportation.

Eﬁpeciélly high requirements are placed on pipe metal during construction of pipe-
lines in Arctic regions. According to SNiP II-45-75 [46], pipes designed for
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Key:

1.
2.
3.
4.
5.
6.
7.
8.
9.

LU USRI SVAMA Vs wivass

Table 4.12.

Bpeneiioe ;mrmumme. srcpnd ()
4alszlse|u|'w|55 70

(1) Moxassrenu

(3) Tpydonposod duanempos 1220 uu, dasnexue 75 xzc/cu®

Tonuwna crenks, mw(4). . . . .| 17.2] 16,9] 14,8] 14,5} 13,8] 12,81 11,9
Macca Tpy6 na 1 kM, 7(5). . . . |607 469 1437 422 |408 1379 353

Llena ! T 7py6bu, py6.(6). . . . . 180 [210 [236 [240 |2456 {265 |269
Croumocts 7py6 wa 1 ku, Tae. py6. (7) 91 98 103 101 |[100 97 '} 96
To e, % K CTOHMMOCTH Pl BPEMEHHOM

conpornaaenun 52 «rc/umt (8) . . | 92,8100 }105,1 103,1§102,0 | 99,0 | 96,9
(9) Tpyoonposod duaxempos 1420 um, dacnenue 75 xzc/cut
Tonmm#a CTeHKH, MM . . . . . .} 20 18,5 17,2} 16,6} 16,1 | 14,9 |#13,8
Macca Tpy6 ua ! s, T . . . . . 686 1636 ]B91 1671 654 |513 [476

Ueua § 7 1py6, py6. . . . . . . . |190 220 }249 252 |256 1268 ‘|282

Crousocts Tpy6 Ha | km, Thc. pyS. . [ 129 |133 [139 [137 {136 131 128

To xe, % K cronmocr Tpy6 nps epe- | 92,6/100 1104,61103 1102,2 98,5 [{96,2
MEHHOM COMPOTHBACHHH 52 Xrc/mm?

Indicators

Ultimate resistance, kgf/mm2

Pipeline 1,220 mm in diameter, pressure of 75 kgf/cm2
Wall thickness, mm

Pipe mass per km, tons

pPrice of one ton of pipe, rubles

Cost of pipe per kilometer, thousand rubles
Cost of pipe, percent of cost at ultimate resistance of 52 kgf/mm2
pipeline 1,420 mm in diameter, pressure of 75 kgf/cm?

pressure of 75 kgf/cm? should meet impact strength of 8-8.5 kgf/cm2 (instead of 3-4

kgf/cm2 for pipes laid in non-Arctic regions). Alleying additives must be employed
to fulfill these requirements, which leads to an incraase in the cost of pipe:
thus, according to preliminary estimates, pipes 1,420 mm in diameter meeting the
indicated requirements in impact strength will cost 75-80 rubles less per ton [34].
Since the increased requirements on impact strength of steel lead to a significant

increase in the cost of pipe, the use of them for gas pipelines should be substanti-

ated by engineering and economic indicators.

One of the very promising trends of improving pipe design is the use of thin-walled
multilayer pipes for high-pressure pipelines based on the use of low-alloy hot-
rolled steel in rolls [11], production of which has been widely assimilated by
Soviet metallurgy (proposal of the Institute of Welding imeni Paton, Ukrainian SSR
academy of Sciences). The characteristic feature of thin sheet steel is an increase
of strength and homogeneity with a decrease of sheet thickness.

Despite the laboriousness of manufacturing multilayer pipes, it is expected that

they will be less expensive than pipes with a solid wall due to the use of inex-~
pensive metal, especially with the wall thickness required for pressure of 100-120
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kgf/cmz. It is obvious that the use of multilayer pipes will make it possible

not only to use considerably less expensive metal without loss of pipe strength and
operating reliability of the pipeline, but also to significantly increase the pro-

ductivity of pipelines by conversion to pressure of 120 kgf/cm% and thus to improve
the engineering and economic indicators of major gas pipelines.

b) The Surface Roughness of Pipes

Bipes now produced by Soviet industry and purchased by import usually have an inner
surface roughness of approximately 30 microns since they are manufactured without
additional machining.

Calculations show that reducing surface roughness by one-half, to 15-17 microns,
yields an increase of gas pipeline productivity by 4-6 percent. A reduction of
surface to 3-5 microns leads to an increase of productivity by 8-10 percent without
. any increase of capital investments and operating expenses except those related to
reduction of the inner surface roughness of pipes and prevention of contamination
of them. The saving from reducing surface roughness by one-half and of increasing
the productivity of a pipeline 1,420 mm in diameter, for example, 3,000 km long,
is expressed in an increase of gas delivery by 1.5 billion m3/year and by a saving
of reduced expenditures by 18-20 million rubles/year. Provision of this quantity
of gas delivery through a pipeline of the considered diameter would require approx-
imately 100,000 tons of metal.

A reduction of surface roughness can be achieved by several methods and primarily
- by polishing the internal surface of pipes and of weld seams or coating them with
epoxy resias, yielding a surface with very low roughness, approximately 5-8 mic-
rons. This method is economical and comparatively easy to accomplish under plant
conditions during pipe manufacture. Obviously, it should be combined with polish-
ing the seams at the plant prior to coating the pipe surface with epoxy resins and
at the work production site to remove burrs and for coating sections of transverse
seams made during construction with resins. A reduction of the tractive resist-
ance of the gas can also be achieved by using full-flow fittings and high-quality
manufacture of the booster binding of compressor stations that provide minimum
pressure losses.

c) The Unit Output and Reliability of Compressor Station Units

Units with rating of 6,000, 10,000 and 25,000 kW are now installed at compressor
stations [31].

The capital investments and operating expenses for a gas-turbine compressor sta-

- tion with piston pumps having different operating output are shown in Table 4.13.
The data of the table reflect not only the saving from strengthening {31] of units
but also from increasing their reliability and the stability of realizing the cal-~
culated outputs.

The more favorable economic indicators with unit output of 16,000 kW each are ex-
_ plained by the smaller fraction of reserve capacity--33 percent compared to 50 per-
cent with units rated at 10,000 and 25,000 kW. The most rapid assimilation of
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Table 4.13.
< (2) MounsocTs arperatos, Thic. xBr
(1) Noxasarem ™ " =
Yucno arperaros: (3) .
pabownx (4) . . . . . . . . . ... 6 37 : 2
pedepsiux (5). . . . . . . . ... 1 & }
Kanutanosnomenns, man. py6. (6). . . . . 15,8 10,5 11,6
Exeroantie skonayaraunoxnme sarparw, (7)
M. pyb. . . . . . o 2,6 1,85 1,95
Tlpubenesnne savparet npu Ea=0,12, % & 3a-
TpaTam npn arperatHod Mowmoctv 10000 kBr 4,44 2,99 3,23
(8) 100 66,4 72,8
Key:
1. 1Indicators 7. Annual operating expenses,
2. Output of units, thousand kW million rubles
3, Number of units 8. Reduced expenditures at Ep =
4. Operating = 0.12, percent of expenditures
5. Standby with unit output of 10,000 kW

6. Capital investments, million rubles

optimum-output units provides the possibility not only of reducing expenditures
for construction and operation of compressor stations of 27-33 percent, but of in-
creasing the optimum carrying capacity (productivity) of the pipeline since denser
= arrangement of them and accelerated use of the more expensive line part of the gas
pipeline are effective with less compressor stations.

One of the important problems for development of long gas pipelines is the relia-
bitliiy of compressor stations. :

Investigations showed that a breakdown of more than three units simultaneously on
a gas pipeline having approximately 10 compressor stations is of low probability
{6, 7}]. The reliability of the gas pipeline can be increased by installing standby
units at compressor stations. The number of standby units at each station is de-
termined with regard to all the probability states with breakdown of units and the
corresponding situations of reductions in gas pipeline productivity.  Gas pipeline
reliability Hk.g4 Of any j-th compressor station is determined as the mean value of
gas pipeline efficiency, i.e.,

Hx.c[=znl”ll'
. (1]

where

" =q »

hiy=Clap=1 (1 — p)f;
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Qij is the actual gas pipeline productivity during emergency situations, Qpr is
the planned gas pipeline productivity, n is the number of working units, i is the
number of working units during the emergency, c% is the number of combinations of
n with respect to 1 and p is the reliability of a single unit.

Data on the reliability of a compressor station of three working units with readi-
ness factor of 0.95 for each unit with regard to the operating modes of the gas
pipeline are presented in Table 4.14 [6, 7].

Table 4.14.

(2) 3maverme '” h”mm pesepantix Srperatod

KomreecTso OTXANBIINK

(1) pefowx arperarTos o . P ”
0 0,8560 0,8560 0,8560 ’ 0,8560
1 0,1300 0,1339 0,1339 0,1339
2 0,0091 0,0090 0,0100 0,0100
3 0,000078 0,000078 0,000078 0,0001
(3) Bcero 0,995178 0,9980 0,9999 1,0000

1. Number of failed working units
2. Value of ¢ijhij with number of standby units

A safety factor of 0.998, that takes into account the operating conditions of the
gas pipeline and a decrease of productivity with random failure of individual units,
may be recognized as quite acceptable, Consequently, it is sufficient to have one
standby unit for three working units. The characteristic feature of major gas pipe-
lines is that failure of a compressor station does not lead tc failure of the pipe-
line and the fraction of reduction of final productivity depends on the station's
location along the route: failure of the main and two subsequent stations leads to
30-15 percent reduction of productivity and failure of the final stations reduce
productivity by 2-5 percent.

The large number of calculations carried out for different combinations of compres-
sor station units with regard to planned and preventive maintenance in the schedule
for reducing the load of a gas pipeline during summer months made it possible to
establish that one standby unit must be installed for each 2-5 working units to
ensure reliable operation of compressor stations. This was adopted in the existing
norms of the technological design of gas pipelines. Two-three standby units are
installed in some cases due to possible failures of the unit.

This characteristic was taken into account in a number of pipelines in the United
States laid in regions with well-developed highway system where installation of one
working unit and the presence of a mobile standby unit for several compressor sta-
tions is provided to replace the main units while they are being repaired or during
a serious emergency. Some concentrated arrangement of compressor stations is pro-
vided in this case, which makes it possible to better control the modes of the gas
pipeline and to reduce the decrease of total gas pipeline productivity when one of
the units fails due to regulation of compressor station operation.
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d) Compression Ratio

As the experience of design and operation of major gas pipelines shows, the com-
pression ratio is in the range of 1l.2-1.5. Energy calculations show that the use
of a compression ratio equal to 1.2 yields a saving of energy expenditures of ap-
proximately 40 percent compared to 1.45, but leads to the need to increase the
number of compressor stations by 30 percent to provide given productivity. Thus,
the energy saving comprises only about 10 percent. Consequently, final solution
of the problem of compression ratio depends on the ratios of compressor station
cost and the cost of energy or gas for the needs of the gas pipeline.

' Table 4.15.

(2) CyMvapian MOUHOCTS KONKIPECCOpHBIX cTantmR, Thic. xBr

rlonuse]i')l

20 [ 40 | 60 } s | 0 | s L) 100
@+ | @G+0 | @40 | @4 | 640 | 040 | 643 | 4D

- YaeabHbie  KANHTANODAO eal&u,
pyo/xBr . . . . . v . .lllss 162 |144 130 |135 (132 {130 |128
TofoBHe yAeAbHue SKcnAyara-(
uHoHHule 3arpatw, py6/kBr* | 32 32 33 29 33 32 28 31
Yucnensiocts  obcaymusaowero ()
nepconana, uyea/l0 rue, kBr
paGoraiowux arperatos . .| 11,0} 10,3] 10,0110,0 9,5] 9.5 9.6} 9,2

*With cost of fuel gas at 6 rubles per thousand m3,

Key:
1. Indicators :
2. Total output of compressor stations, thousand kW
3. Specific capital investments, rubles/kwW
4, Specific annual operating expenses, rubles/kW
5. Number of maintenance personnel, men/10,000 kW of operating units

At the same time capital investments and operating expenses decrease significantly
with an increase of the installed output of compressor stations.

1t follows from the data of Table 4.15, in which the engineering and economic in=
dicators are given for compressor stations of different output with units of 10,000
kW each that the specific capital investments and number of personnel decrease
somewhat with an increase in the output of the compressor station even with fixed
output of units. Operating expenses essentially remain at the same level and fluc-
tuate as a function of the number of standby units. Moreover, with identicial
standby capacity, there is a reduction of specific operating expenses. Thus, op-
erating expenses comprise 32 rubles with two working units, 29 rubles with 4 units
and 28 rubles with 6 units, respectively, at compressor stations with standby

units equal to 50 percent of the number of working units.

These data indicate the feasibility of concentrating the outputs of compressor
stations and of reducing their number. Detailed calculations with regard to the
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characteristics of units and variation of energy expenditures as a function of the
compression ratio and other factors lead to the conclusion that a compression
ratio in the range of 1.45-1.50 is feasible.

e) Gas Cooling

As is known, compression of gas is accompanied by an increase of its temperature,
but the gas is cooled during its motion through the pipeline due to the throttling
effect (expansion) and heat transfer to the soil through the pipe walls. Gas in
pipes less than 1,020 mm in diameter can be cooled to the intake temperature to
the compressor station during travel from one compressor station to another. 1In
large~diameter pipes the heat losses through the soil and due to the throttling
effect are insufficient for cooling the gas. This is related to the fact that the
productivity of a gas pipeline increases in proportion to diameter at a ratio of
2.5, while the heat transfer surface is proportional to pipe diameter, i.e., the
specific thermal loads (per unit of pipeline surface) increase significantly.

With long length of gas pipelines, the gas temperature levels may reach the values
at which insulating coatings melt (50-60°C). Thus, cooling gas to temperatures not
above 10°C is a technologically compulsory measure at the current phase of develop-
ment of the equipment and technology of transportation using large-diameter pipes
and high pressures. Installation of air-cooling units is now obligatory according

to existing standards for major gas pipelines 1,420 mm in diameter with working
pressure of 75 kgf/cm2,
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Figure 4.5. Variation of Carrying Capacity of Gas Pipeline as a Function of
Annual Temperature Fluctuations: l--mean monthly air tempera-
tures; 2--soil temperature at gas pipeline level; 3--use of gas
pipeline productivity (in percent of productivity in January)

Key:
1. Use of productivity, percent . 3. Months
2, Temperature, °C

The changes of outside air temperatures, soil temperatures and gas pipeline produc-
tivity are shown in Figure 4.5. One must take into account that the soil tempera-
) ture outside the effective zone of the gas pipeline is shown on the graph. Essen-
tially, cooling the gas through the pipe walls and the soil temperature near the
gas pipeline should be closely related to outside air temperature. It is obvious
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from the curve of possible carrying capacity that the average annual productivity
of the gas pipeline even with constant total load of working compressor units and
total operating continuity of the linear part may be at a level of approximately
0.9-0.93. Equalizing the gas pipeline load by seasons of the year is a significant
reserve for increasing the efficiency of major gas transportation.

When using gas pipelines without heat insulation, the following cooling levels may
be considered:

to temperature of gas pumped into a pipeline not higher than 50°C, which is
already partially employed at gas pipelines under construction;

to gas temperature equal to soil temperature in the final part of the section
(1-4°C); in this case the pipeline will have positive temperatures over the entire
length of the section and its effect on the soil and surrounding medium will be
minimal;

to gas temperature equal to soil temperature near the pumping station; the
gas will be cooled somewhat due to the throttling effect as the distance from the
compressor station increases, but the extent of this cooling, if the absence of
heat losses through the pipeline walls is taken into account, will be insignificant.

Table 4.16.
(2) Tesmeparypa nepexauxs, ‘C
Toxasatems () % p s
Temneparypa, °C, b Komnpeccoptod cranunn:(3)
Hap nzone %, ... 45 22 —5
#a mwxome(5) . . . . . . . .. NN 65 32 +2
Mousocts, MBr:(6)
xomnpamuposanns(7) . . . . . . . . . “ 38 a7
oxnaxnenun (B), . . ... . . e 4 4 5
Tponasonutensiocts, Mapa. M*/MBr (9). . . 0,58 0,73 0,79
Key:
1. Indicators 5. At output
2. Pumping temperature, °C 6. Rating, MW
3. Temperature, °C, at compressor 7. Compression
station 8. Cooling
4. At input 9., Productivity, billion m3/:W

The results of cooling gas for a pipeline 1,420 mm in diameter and at working pres-
sure of 75 kgf/cm2 to the indicated levels are presented in Table 4.16.

- It is assumed in the calculations that cooling to a temperature of not above
40-50°C is accomplished by air-cooling equipment and at lower cooling it is accom-
plished by combined units: by air-cooling equipment and propane-butane compressor
cooling units,
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As can be seen, the total output of energy units and energy expenditures for com-
pression and cooling, although they increase somewhat, the increase is insignifi-
cant. At the same time the annual productivity of the gas pipeline increases due
to the more complete utilization of productivity during the summer months. Aan in-
crease of gas pipeline productivity makes gas cooling an economically effective
measure and means of metal conservation when pipes without heat insulation are
used.

A complication during operation of gas pipelines with gas cooling to negative
temperatures at the end of sections may be freezing up of them, which may cause
some difficulties in conducting emergency repairs on the route.

The problem of providing a stable position of pipelines laid under complex hydro-
geological conditions of the country's Arctic regions through swamps and sections
with flooded soils with low drying capacity is of special interest when studying
this question. Operation of these pipelines without gas cooling leads to disturb-
ance of the established ecological balance, flooding of the pipeline route, forma-
tion of a type of flooded trenches and disturbance of stable operation of pipelines.

Cooling the gas to bring the pipeline temperature closer to soil temperatures ob-
viously makes it possible to reduce to a minimum the disturbance of the ecological
equilibrium and to ensure the operating stability o€ pipelines and the possibility
of their maintenance and repair.

It must be noted that equipping existing pipelines with cooling units leads to
improvement of their economic indicators and may be regarded as a measure to in-
crease the efficiency of existing systems.

f) Electric Drive of Pumps

Gas pumps with electric drive are used primarily at relatively low output of the
units: their specific weight comprised 19.3 percent of 1975 and 20.4 percent by
established rating.

Electric drives have mainly become widespread in Western European countries, which
is explained primarily by the relatively high cost of gas fuel.

Selection of the type of compressor drive for gas pipelines is usually made in the
United States by comparison of expenditures.

The results of calculation, in millions of dollars, on selecting the type of drive
for the gas pipeline from South Carolina approximately 1,600 km long (a station
with rating of 15,000 hp) are reduced in Table 4.17. The compressor drive was
selected with regard to expenditures for construction, maintenance and local costs
for fuel and electric power. An electric drive is recommended for zone A and a
gas~turbine drive is recommended for zone B.

A significant reduction of energy expenditures compared to other types of drives

dictates the use of piston compressors with electric drive, but this type of in-

stallation requires considerably higher capital investments and is less profitable
- than centrifugal pumps.
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Table 4.17.
- (5
(1) OTE;IQHLI?:RM narie ( ) )
Toxasarear :mm
¢ $1extTpo- ¢ rasosoft oo 2500 A. c.
(35" ) i
(o)
Kan#raiosnoMeHHss . . . o . . o+ o« o o 2,100 3,000 4,200
Exeronusie 3atpatat (13%X7) . . . . . . 0,273 0,390 0,546
KcnayartanHonnbie pacxoa Ge3 3aTpar #e Tom-
auso # snextposneprwio (B). . . . . . . 0,158 0,194 0,227
To xe c yuerom 3arpat:(9)
3ona A: (10)
Ha spextposmeprmo (11) - - - - - - - 0,438 - -
ua ronawso (ra3)(x2) . - - - « - - - — 0,351 0,311
Hroro no 3one A: (13). - . - . . 0,869 0,936 1,084
3ona B: (14)
HE INEKTPOIHEPFHIO . . . . .+ =« + =« . 0,940 —_ —_
. WA Tonaxso (ras3) . . . . . . . . . . — 0,419 0,372
Hroro no sone b: (15) ’ 1,371 1,003 1,146

Key:
1. Indicators
2. One centrifugal pump
3. With electric drive
4. With gas turbine drive
5. Six piston compressors with rating of 2,500 hp each
6. Capital investments
- 7. Annual expenditures (13 percent)
8. Operating expenses without expenditures for fuel and electric power
9. Operating expenses with regard to expenditures:
10. Zone A
11. For electric power
- 12. For fuel (gas)
13. Total for zone A
14. Zone B
- 15, Total for zone B

The results of calculating the comparative efficiency of electric and gas turbine
drives for an abstract model of a gas pipeline of two pipes 762 mm, made for United
States conditions, are presented in Table 4.18 (in million dollars). It was taken
into account in the calculations that approximately 10 percent of gas must be con-
sumed for one's own needs with a gas-turbine drive, while obtaining an identical
amount of commercial gas requires the construction of four additional compressor
stations. ’ '

Thus, the reduced expenditures with a gas-turbine drive are approximately 47 per-
cent higher than with an electric drive.
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Table 4.18.
(1) Toxasares SnextpavecknA | Tasorypliam-
) ) Lo [374 nprsoR
Kanwranosnoxenws . . . . . . . . ., e e 64,5 129.3
Emeronnmie aarparu (15%)(5) . . . . . . . . . . . 9,7 19,3
SKCMYB:I‘GHHOHIIHC ?asmnu C Y4eToM 3aTpaT Ha TONAHBO
n anektposwepruo(6) . . . T . | || e e 37,6 49,3
Hroro exeroansie pacxoaw:(7) 47,2 68,6
Xey:
1. Indicators 6. Operating expenses with regard to
2. Electric drive expenditures for fuel and electric
3. Gas-turbine drive power
4. Capital investments 7. Total annual expenses

5. Annual expenses (15 percent)

The given examples confirm the feasibility of using an electric drive, especially
with the high cost of gas, but zones for which it is efficient to use electric or
gas turbine drive are determined carefully during design.

The use of an electric drive for pumps in gas pipelines of the USSR makes it
possible:

to simplify the operating conditions of gas pipelines, to reduce the staff of
compressor stations, to simplify all conditions for automation of control of the
- production processes of compressor stations and to reduce the number of workers by
approximately 25-27 percent;

to increase the operating reliability of compressor stations. The number of
forced shutdowns per electric drive unit is less by a factor of 2.2 than of a unit
with gas turbine drive. Moreover, the cost of major overhaul of an electric drive
unit is 1/10th that of a gas turbine unit [62];

to reduce fuel consumption during transportation since the total beneficial
utilization factor of fuel resources with electric drive of pumps is approximately
- 30 percent higher than with a gas turbine drive. In the first case, the electric
power consumption for one's own needs comprises 36=37 percent with regard to los-
ses in the electric power transmission line and transformer substations; the actual
efficiency of the gas turbine usually comprises no more than 26-27 percent under
operating conditions;

to improve the working conditions of maintenance personnel since complete
automation of compressor stations and a reduction of noise level are possible;

to reduce significantly the need for drive units by reducing the number of
standby units and of increasing their service life: 15 years for electric units
and 10 years for gas turbine units. Two electric drive or 3 gas drive units are
required to provide a gas pipeline service life of 30 years. Moreover, reducing
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the self-needs for gas by almost 30 percent makes it possible during a design of a
gas pipeline for electric drives and fixed commercial gas delivery to reduce some-
what the number of compressor stations and additionally to reduce the number of
units;

more high-quality fuel, which can be used as raw material for the chemical
industry or as a fuel for high-temperature production processes where its use
vields an increased saving compared to its use as a fuel for electric power plants
or gas turbines, can be conserved with electric drive with compressor stations pow-
ered from electric power plants operating on coal, hydroelectric power plants or
nuclear power plants.

The national economic estimate of expenditures for gas fuel is decisive when mak-
ing calculations to determine the effectiveness of electric and gas turbine drives.

Rased on prospects for development of gas pipeline transportation as part of the
country's fuel-energy complex when selecting the drive of compressor stations, one
must take into account:

the actual expenditures for gas delivery with regard to production and trans-
portation from newly involved fields of Arctic regions;

the consumer's saving when replacing the gas released at compressor stations
and the capability of using it by highly qualified consumexs.

Calculations made for these conditions show that a gas drive can be more feasibly
used near high-yield fields and an electric drive can be used in regions where
electric power can be produced from inexpensive local fuel, for example, Ekibastuz
coal, and also in regions where there are large hydroelectric and nuclear power
plants and high-voltage systems capable of providing the electric drive with power.

An obstacle to extensive distribution of an electric drive is the high capital in-
vestments for construction of an electric power plant and other energy supply
facilities. When selecting the type of drive, one must obviously compare them
with regard to the specific conditions of the construction region. One must take
into account in this case that wider use of a drive that provides high efficiency
and that operates on electric power generated from the least scarce and qualified
fuel is desirable to improve the country's energy balance and moreover a signifi-
cantly greater saving can be achieved by increasing the unit output of the units
of electric power plants and pumping stations.

4.5. Optimum Parameters of Major Gas Pipelines

When selecting the optimum parameters of gas pipelines, the numerous factors and
primarily the capabilities of related sectors of industry that supply pipes and
equipment must be taken into account. This factor is decisive in most cases.
However, the main problem when selecting the parameters of gas pipelines is achiev-
ing the required gas supply with minimum reduced expenditures upon realization of
all capabilities of related sectors of industry and import.
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The graphs of variation of specific reduced expenditures for gas pipelines from
720 to 1,620 mm in diameter are given in Figure 4.6 as a function of the realiz-
able productivity (carrying capacity).

The specific expenditures were calculated on the basis of a 30-year service life of
the gas pipeline, uniform gas supply at mean load factor of 0.90, at working pres-
sure of 56 and 75 kgf/cm2 and coefficients of the effectiveness of capital invest-
ments of 0.10 and 0.15; the expenditures for fuel are calculated from prices of
"closing fuel" for the country's central regionms.
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Figure 4.6. Zones of Application of Gas Pipelines 820, 1,020, 1,220 and
1,420 mm in Diameter: 1, 2, 3, 4 and 5--for the indicated
diameters at Ep = 0.12 and for average conditions; 1', 2',
3', 4' and 5'--for indicated diameters for Arctic conditions;
1", 2", 3", 4" and 5"--for the indicated diameters at En =
= 0,15 and for average conditions; 1"', 2"', 3"', 4"' and 5"'
--for the indicated diameters for Arctic conditions

Analysis of the results permits one to primarily advance a number of concepts on
the parameters of long-distance major gas pipelines.

1. specific transportation expenses are reduced with an increase of pipeline di-
ameter. The reduction is very significant for pipes up to 1,020 mm in diameter,

there is a reduction for large-diameter pipes of smaller dimensions, but it also

occurs for pipes greater than 1,420 mm in diameter; if the gas pipeline diameter

increases from 1,020 to 1,220 mm, the reduced expenditures decrease by 12-15 per-
cent, if diameter increases from 1,220 to 1,420 mm, the expenditures decrease by
10-12 percent and if the diameter increases from 1,420 to 1,620 mm, expenditures

decrease by 5-8 percent,

The indicators for pipes 1,620 mm in diameter are conditional to a significant
- degree. They were obtained while maintaining the organization of work of welding
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and laying them in the trench, now adopted for pipe up to 1,420 mm in diameter
without regard to expenditures for re-equipping of the construction base. Pipes
are welded on the edge of the trench and the welded lengths are lowered into the
trench with an increased layer of pipe layers used in construction of pipelines
1,420 mm in diameter. This organization of work provides for flexing of the al-
ready welded and insulated pipe when it is lowered into the trench. This opera-
tion is sharply complicated with an increase of pipe diameter since the flexibil-
ity of pipe is proportional to diameter to the fourth power. Consequently, laying
pipe 1,620 mm in diameter into the trench requires an approximately 65 percent

_ increase of bending forces. An increase of pipe diameter may require total re-
equipping of the construction equipment and a change of the construction technology
with laying individual pipe sections into the trench and welding and insulation of
the seams in the trench. The use of pipes 1,620 mm in diameter requires careful
engineering and economic analysis with regard to specific conditions of delivery
of more powerful construction equipment. Moreover, the buoyant force is increased
considerably with pipes 1,620 mm in diameter and additional expenditures on weight-
ing compared to smaller diameter pipes are required to ensure the stability of
their positions in swamps in flooded soil.

. The basic direction for increasing unit productivity in the near future is the
use of pipes 1,420 mm in diameter with cooling of the gas being transported and
with an increase of pressure.

2. An increase of working pressure from 56 to 75 kgf/cm2 leads to an increase of
the optimum pipeline productivity with similar fixed parameters approximately in
proportion to the variation of pressure. An increase of pressure above the in-
dicated value, for example, to 120 kgf/cm2, leads to a further increase of produc-
tivity and improvement of engineering and economic indicators.

Organization of multilayer pipe production is required to develop high-pressure gas
pipelines (up to 120 kgf/cm2).

3. Optimum productivity depends on the coefficient of the effectiveness of capital
investments, working pressure and construction conditions (coefficients of an in-
crease of construction costs and operation of the line part and of compressor sta-
tions). Thus, the productivity of a gas pipeline 1,020 mm in diameter at pressure
of 56 kgf/cm2 in the median zone of the Furopean USSR can be brought up to 12
pillion m3/year or more, while the minimum reduced expenditures are reflected at
7.5-8 billion m3/year with coefficient of the effectiveness of capital investments
of 0.1 and 8-9 billion m3 with coefficient of 0.15. The figures are 16-18 and 18-
20 billion m3/year, respectively, for a pipeline 1,220 mm in diameter.

The minimum reduced expenditures for a pipeline 1,420 mm in diameter is at the

level of 27-28 and 29-31 billion m3/year, respectively, in the central regions of
- the European USSR at pressure of 75 kgf/cm2 with 130-140 km between compressor
stations and compression ratic of 1.45-1.50. These calculations were obtained
from conditions of minimum expenditures throughout the sector of the gas industry.
Accelerated utilization of gas pipeline hardware is desirable in order to produce
a large quantity of gas and to thus provide an increased saving from efficient use
of gas in sectors where it yields a high national economic saving, i.e., with the
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gas pipeline productivity achieved at higher coefficient of the effectiveness of
capital investments.

4, The optimum productivity of major gas pipelines depends to a significant degree
on the time utilization factor. Gas pipelines are usually designed with a load
factor of 0.9. However, despite the presence of regulator consumers, in practice
- major gas pipelines rarely achieve a productivity utilization factor of more than
_ 0.80-0.82. An increase of the utilization factor of carrying capacity of long gas
pipelines is a very effective measure since only energy expenditures decrease with
a decrease of load.

Development of gas depots in consumer regions, the use of gas during the summer
season by consumers supplied with another type of fuel for the winter season and
implementation of other measures to improve the structure of the fuel and energy
balance toward full loading of long major gas pipelines permit one to count on an
increase of the productivity utilization factor of major gas pipelines, for example,
to 0.5, i.e., to the level essentially possible according to repair and maintenace
conditions.

Achieving this indicator will make it possible to bring the carrying capacity of

a pipeline 1,420 mm in diameter at working pressure of 75 kgf/cm? up to 32-34 bil-
lion m3/year and to decrease the reduced expenditures for gas transportation by
15-16 percent without increasing the need for metal and equipment to construct gas
pipelines.

5. The indicators given in the graph in Figure 4.6 were obtained for construction
of gas pipelines in the central regions of the European USSR.
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Figure 4.7. Dependence of Optimum Productivity of Gas Pipeline 1,420 mm in
Diameter on Prices for Pipe

Key:
1. specific reduced expenditures, thousand rubles/(billion m3+km)

2. Rubles/ton
3. Productivity, billion m3/year
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the increase of pipeline construction and operating costs under the less favor-
able conditions of the Western Siberian lowland or in Arctic regions of the Euro-
pean USSR is 2-2.5-fold.

On the other hand, expenditures for fuel gas in these regions are minimum since
gas is a local fuel. These relations lead to the fact that it is economically
feasible to permit accelerated operation of expensive gas pipeline structures with
increased fuel consumption. As a result of calculations for Arctic regions, the
minimum reduced expenditures occur with gas pipeline load at the level of 32.0-
34.0 billion m3/year for a pipeline 1,420 mm in diameter at working pressure of

75 kgf/cm2 and at capacity utilization factor of 0.9 in time.

6. The prices for pipe and consequently expenditures for construction of the line
part of the gas pipeline, expenditures for compressor stations and primarily expen-
ditures for fuel gas or electric power and the level of mechanization and conse-
quently expenditures for wages have an important effect on the optimum productivity
of a gas pipeline and-the disposition of compressor stations. The dependence of
reduced expenditures on prices for pipe and consequently the cost of the line part
of the gas pipeline are presented in Figure 4.7.

As can be seen, the optimum productivity is increased from approximately 26.0-27.0
to 31.0-32.0 billion m3/year, i.e., by almost 20 percent, with an increase in the
cost of pipe from 240 rubles per ton to 600 rubles per ton. The optimum distance
between compressor stations is thus reduced from aprpoximately 150 to 95-~100 km,
while the compression ratio can be reduced from 1.48 to 1.35.

Analysis of the main factors affecting the engineering and economic indicators of
major pipelines (pipe diameter, working pressure, utilization factor, construction
conditions, prices for pipe and other factors) showed that accelerated use of gas
pipelines and bringing their productivity up to 32-34 billion m3/year, for example,
for pipes 1,420 mm in diameter at working pressure of 75 kgf/cm2 are feasible for
further development of gas transportation.

The engineering and economic indicators of major gas pipelines for the current
five-year plan, including bringing the average annual load factor up to 0.95 and
cooling the gas to soil temperature, are presented in Table 4.19.

4.6. Further Improvement of Major Gas Pipeline Parameters

Assimilation of increasing volumes from the northern regions of Tyumenskaya Oblast
to the European USSR with existing transportation equipment and technology can be
achieved by laying a greater number of pipelines with high metal expenditures and
capital investments.

The main purpose of scientific and technical progress in pipeline transport is to
increase the unit capacity of gas pipelines and to reduce metal expenditures, energy
expenditures and reduced expenditures for gas transportation.

In this case the effectiveness of the traditional method--an increase of gas pipe-

line carrying capacity by using larger diameter pipes--is reduced as the diameter
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Table 4.19.

(1) Uenrpantirie pafiorss Cepeprinae pafionnt
Toxasatem (2) cm (3) croam
120 ma | 1420000 | 1220 e | 1420 oo
Mponycknaa cnocobrocts, Mapa. u’/ro:“l). .. 19—20 | 31-32 | 21—23 | 32—34
Merannosarparu (npenen npoinocth (5)
66 xrc/mm?), T/(Mapa. Md.kM) . . . . . . 19,6 18,1 17,8 16,6
ueprosaTpath, THC. KBT-u/(Mapa. m2-xm) (6). | 180 162 158 142

Kanutanosroxenns, Tuc. py6/(uapn. u?-xm) (7} 16,8 14,7 29,5 28,4
Sﬁcnnyarnuslonuue satpatu, (8)

thic. py6/(Mapn. M*-xM) . e 1,45 1,23 2,5 2,0
TlpuBenennbie 3aTpath, Thc. py6/(unpn.(;’)-xu) 3,47 3,00 6,04 5,62

Key:
1. Indicators
2, Central regions of country
3. Northern regions of country
4. Carrying capacity, billion m3/year
5. Metal expenditures (ultimate strength of 65 kgf/mm2), tons/(billion m3+km)
6. Energy expenditures, thousand kW-hr/(billion m3.km)
7. Capital investments, thousand rubles/(billion m3.km)
8. Operating expenses, thousand rubles/(billion m3-km)
9. Reduced expenditures, thousand rubles/(billion m3.km)

- increases, i.e., the generatrix of the optimum parameter is always an exponent
whose gradient decreases as diameter increases and is dependent on the engineering
and economic indicators of the means of transportation, construction conditions and
so on.

Conversion to pipes 1,620 mm in diameter requires replacement of equipment for manu-
facture of large-diameter pipes and supplying construction organizations with the
necessary equipment.

- Some machine tools installed in the pipe shops of Soviet plants have already been
designed to produce pipes 1,620 mm in diameter, by which prerequisites have been
created for conversion to these diameter pipes with minimum expenditures for re-
equipping.

The feasibility of replacing construction equipment for laying pipes 1,620 mm in
diameter should be determined as a result of extensive investigations.

The problem of producing multilayer pipes 1,420 mm in diameter merits special atten-
tion, which would provide the possibility of producing pipes designed for high pres~
sure, for example, 120 kgf/cm2, with relatively moderate requirements on steel
quality.
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As is known, the productivity of gas pipelines of any diameter can be increased

by increasing the presgure and by reducing the temperature, i.e., by increasing the
density of the gas being pumped. The main thing in this case is selection of those
temperatures and pressures at which each variation of the indicated parameters would
most effectively increase the carrying capacity of gas pipelines. Investigations
showed that this zone can be determined by studying the physical principles of gas
motion in pipelines.

Table 4.20.
(1) Yreminetive
_ nponycknofl cnocouocTi, Yeemaeinie Toycxnod cnocoltocTH,
Temnepiery- %, TN yBE/SIwCHIN ASBACIONN, XIC/CM® Temnepaty- | o ppat ysensenm aasneise, Xrc/oe®
pa nepe- |, ¢ pe nepe-
xamw, “C [(Z7 xaxn, °C
: 75 100 120 160 200 78 100 120 160 200

+-50 100 | 128 | 161 | 214 | 260 ~20 100 | 131 | 169 | 235 | 275
+30 100 | 134 | 166 | 218 | 265 ~30 100 | 138 | 172 | 214 | 268

0 100 | 131 | 168 | 240 | 268 —70 100 | 130 | 148 | 1756 | 195
—15 200 | 130 | 168 | 228 | 268

Key:
1. Pumping temperature, °C
2. TIncrease of carrying capacity, percent, with increase of pressure, kgf/cm2

- An increase of pressure is not reflected identically in an increase of gas pipeline
carrying capacity (Table 4.20). Thus, conversion to a pressure of 100 kgf/cm2 is
most effective at a temperature of -30°C, an increase to pressure of 120 kgf/cm2 is
most effective at =15 to =-30°C, an increase to pressure of 160 kgf/cm2 is most ef-
fective at 0°C and so on. In this case conversion from pressure of 75 to 100
kgf/cm2 is characterized by an increase of productivity for corresponding temper-
atures of 28, 34, 31, 30, 31, 39 and 30 percent.

Conversion from pressure of 100 to 120 kgf/cm2 yields an increase of productivity
by 33, 32, 29, 38, 38 and 18 percent, This is explained by the fact that the state
of the gas varies with variation of temperature and pressure. One of the charac-
teristics of the state of gas is the compressability factor. Its variation due to
pressure at different temperatures for gas of the Urengoy field is presented in
Figure 4.8. Zone 1l of parameters at which gas pipelines now operate is also pre-
sented in this figure and zone 2 of the greatest increase of gas pipeline carrying
capacity with variation of pressure and temperature parameters is also determined.

Final determination of parameters depends on energy expenditures, the cost of
hardware, especially of insulation, construction conditions and so on.

Multivariant optimization calculations for different pressures and degrees of
cooling of gas were made to estimate different parameters:
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plus 30°C--~cooling by air-cooling equipment;

0°C--pipelines of carbon steel of all marks (they can operate without
insulation);

minus 20-30°C-~heat insulated pipelines of carbon and low alloy steels with
regard to requirements on impact strength;

minus 60~70°C--heat insulated pipelines of alloyed steels operating on the
boundary of the gaseous state.

Selection of the indicated cooling levels is explained mainly by the phases of
possible development of related sectors of industry producing the pipes and insula-
tion pipes and also by the capabilities of construction and operation.
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Figure 4.8. Dependence of Gas Compressibility Factor on Pressure and
Temperature: l--parameters of existing and planned gas
pipelines; 2--zone of most effective increase of gas pipe~
line productivity with increase of pressure

Key:
1. Compressibility factor 2. Pressure, kgf/cm2

Cooling the gas to 30°C and lower to 0°C is the main problem for improving gas
pipeline parameters. Investigation of problems of deeper cooling to 20-30 or 60-
70°C is of important significance for the future.
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Optimization problems were resolved for each of the versions of gas transporta-
tion and in this case productivity, working pressure, the compression ratio and
pipeline diameters varied. As a result the optimum productivity and optimum pres-
sures for pipelines of different diameters were determined. The already selected
optimum versions were then compared at different temperatures. As a result values
of optimum productivity of pipelines of different diameters and optimum values of
working pressure and temperature were found.

Consideration of the dependence of the main engineering and economic indicators on
cooling temperature and pressure leads to the following conclusions.

The least metal consumption occurs at temperature of -70°C. An increase of pres-
sure at this temperature above 100 kgf/cm2 leads to an increase of metal. The min-
imum need for metal occurs at pressure of 120 kgf/cm2 for temperatures of 0°C and
-30°C.

The industrial output of pipe which can operate at temperature to -20-30°C can be
considered realistically at established prices and requirements on pipe quality.
Thus, by reducing gas pumping temperature to 20-30°C, one can increase the carry-
ing capacity of a gas pipeline by 40-50 percent with moderate cooling without a
significant increase of prices for pipe. Accordingly, one should anticipate a sig-
nificant saving of the specific cost of pipe with a simultaneous decrease of pump-
ing temperature and an increase of pressure.

The specific expenditures for compression of natural gas at different temperatures
are presented in Figure 4.9. As can be seen, they decrease with a reduction of
gas temperature. Under specific conditions, energy expenditures are lower with
cooling than expenditures for pumping uncooled gas.

‘ R Y A A R A [N A
Mean Pumping
Temperature, °C

Figure 4.9. Relative Specific Energy Expenditures for Compression and Cool-
ing of Gas During Transportation Through a Pipeline 1,420 mm in
Diameter (with respect to expenditures at 20°C): 1--productivity
at pressure of 100 kgf/cm?; 2--productivity at 75 kgf/cm2; 3--
energy consumption at 100 kgf/cm2; 4--energy consumption at 75
kgf/cm?
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- Table 4.21.

(1)

Tloxasarem +3°C 0 0 0 1-3°C | —%C | -%°C | —70°C | —70°C

- 2)
Habnenne, xrc/cu’( . .17 76

ﬂponycxnan./cnoco(Gg;)crb. 100 120 7 100 120 |75 100
Mapa. m¥roa .. 132 35 47

Bpemeunoe conpﬁor»nneuﬂe(q j 5 o % 58 %0 8
Metanna Tpy6, kre/Mm? | 57 5

Mera.vnosarpg¥u. 85)/ 7 % % o % 8 6 70
T/(MAPR. MY-xM
AueprosaTparty,

THIC. x-Br-q/(unplf.Gll'x
Xkm) . oL 0L,

18,1 116,5] 14,5] 14,2 14,5 12,1 11,9113,6] 11,9

120 1132 1136 | 129 | 120 | 110 | 110 100 | 100

Cesepuwe pafions

Kanuranosnomenng,(8) 7
;(uc;“) py6/(mapn. m*x
kM) ... . ., 24,86 | 22,

Bxcnayarainonnse  aa.d 22.92118,7815,56 17,90 17,76 | 18,22 23,74 | 24,4
{pam, ,.THe. py6/('
Mmapa. m¥:xm) . . . | 3,2

Mphneaennme aavpat, (h o) 3,301 2,99} 2,92| 2,90 2.64] 2,64 2,88} 2,8
;(h:(cM ) Py6/(mapn. m3X

~

6.24] 6,05) 5,24} 5,14 5,05| 4,77 4,83] 5,73| 5.80

Uesmpansnwe pant
Kanntanosnoxenns, m pelom (11)

Sxenayaraunonnie . 12,43(11,46{ 9,39 § 9,28 | 8,95 8,88 19,11 111,87] 12,2

TpaTH,  THC.  py6/

*(mapn. mekm) .
Mpusenennwe )3””""‘ 2,251 2,37{ 2,20 | 2,21 | 2,11 1,9 1,90} 1,04] i,9

THc. py6/(mapn. m3.-xm) | 3,74 3,721 3,33 3,31 3,18 2,97 129 ] 3,36] 3.4

Key:
1. Indicators
2. Pressure, kgf/cm?
3. Carrying capacity, billion m3/year
4. Ultimate resistance of pipe metal, kgf/mm2
5. Metal expenditures, tons/(billion m3.km)
6. Energy expenditures, thousand kW+hxr/(billion m3.km)
7. Northern regions
8. Capital investments, thousand rubles/(billion m3-km)
9. .Operating expenses, thousand rubles/(billion m3-km)
10. Reduced expenditures, thousand rubles/(billion m3+km)
11. Central regions

Z The main engineering and economic indicators of gas transportation through pipes
1,420 mm in diameter are presented as an example in Table 4.21.

It follows from the data of Table 4,21 that the most favorable economic and other
results, according to the authors' calculations, are provided by cooling to -20-30°C
and the indicators (reduced expenditures) compared to systems operating without

113

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

NV UN B AraL WaoRy VaiNAa

cooling even at increased pressure (120 kgf/cm2) are reduced by 14-16 percent,
and are reduced to 15-20 percent compared to indicators with cooling to -70°C [89].

The decisive factor here is an increase of steel costs [34,46], complication of
insulation and of all equipment of compressor-cooling stations; therefore, detailed
development of equipment for the indicated parameters and comparison of them for
all indicators, including expenditures for supplying with construction equipment,
maintenance of the ecological balance and other factors, are required. The result-
ing integrators of a system at 0°C are also inferior to indicators with moderate
cooling. However, it can be achieved considerably more rapidly. This is explained
mainly by the fact that system with cooling to 20~30°C completely utilizes the
capabilities of already developed marks of steels and conversion to this level of
cooling causes no fundamental change of requirements on the quality of pipe metal
and equipment, but it requires additional expenditures to insulate the pipelines.

Pipelines, gas-pumping units, cooling units, insulation and other equipment must be
developed to achieve the optimum gas transportation parameters. The possibility of
using heat-strengthened pipes to pressure of 75 kgf/cm2 and temperature to -20°C
causes no problems and these pipes can be delivered even during the l0th Five-Year
Plan. Conversion to production of multilayer pipes for pressure up to 120 kgf/cm
has laready been resolved.

Steam-compression cooling units based on propane pipe-cooling units can be used for
cooling to 20-30°C at main and intermediate compressor stations. The designs of
these units for relatively lower productivity have been developed and are used ex-
tensively. Recovery cooling systems may also be installed at intermediate stations.
Both versions of cooling are similar to each other in energy expenditures.

A temperature of -70°C requires development of special pipes and new cooling units
and in this case the steam-compression units are low-power, while cryogenic units
are high-power. New pumping units must also be developed to transport gas at -70°C.

Thus, gas transportation systems with gas being cooled to temperatures of -20-30°C
can be developed.

The development of experimental-industrial units for the considered gas parameters
- to work out an insulation design, to develop a method of work organization for lay-
ing heat-insulated pipelines and also development of moderate and deep cooling of
gas are required as the next phase in improving the major gas transport system
with improved engineering and economic parameters.

4,7. Regulation and Reservation of Gas-Supply Systems

Outside air temperature is related to the most significant factors affecting irreg-
ular gas consumption. The degree of the effect of climatic conditions on variation
of gas needs is determined to a significant degree by the fraction of consumption
for heating and domestic purposes. A reduction of use at production enterprises
during weekends and holidays has an important effect on the irregularity of gas
consumption.

The annual fluctuations of fuel consumption and deviations of consumption from the
mean perennial fuel (gas) consumption, which is usually taken as a basis by
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planning and design organizations, must be taken into account when developing the
country's energy balance or that of individual economic regions. A fuel and capac-
ity reserve should be provided for the onset of a cold year for uninterrupted fuel
supply to consumers.

The increasing requirements on the quality and reliability of the fuel supply have
posed the problem of optimum regulation and reservation of a unified gas-supply
system and other fuel-energy systems to the national economy, i.e., the need to

- create fuel reserves optimum in quantity, structure, quality and territorial dis-
position and capacity reserves in the country's fuel-energy system as a whole and
also the need to select optimum methods of regulating them.

Problems of long-term, short-term and operational regulation and reservation of the
development and operation of fuel and energy sectors with optimum relationship of
them to each other are an important independent national economic problem that re=-
quires extensive investigations and improvement of both the structure of individual
systems and management of the country's fuel and energy complex as a whole. Only
general problems of regulation and reservation that concern the gas-supplying
country, related to gas transportation and storage, are considered below.

The reserves in gas-supply systems must be divided into national economic and oper-
ational reserves. .

National economic reserves are used to cover the possible above-plan load formed
due to fulfillment of the plan by industry and construction ahead of schedule and
also to compensate for the uncertainty of input data used in planning. The scope

- of the national economic reserve should be substantiated in plans on the basis of
designation. If there are no adequate input data with regard to the enormous scales
of production of fuel and energy resources, the scope of the national economic re-
serve is taken in the range of 4-6 percent of the maximum gas needs of a region.
The reserve given above is based on the following approximate estimates. The error
of input data with medium~term planning of development and design of components of
a unified gas-supply system does not exceed 3-4 percent as a whole. Possible over-
fulfillment of the plan by industrial enterprises and construction is 1-2 percent.
No stricter quantitative method of estimating national economic reserves is now
known.

The operational reserves in different elements of the system must be divided into
emergency, repair and load. The different types of reserves are not independent;
therefore, detailed analysis of their interaction is required when substantiating
operational reserves in different elements. Thus, a free repair reserve can be
used as an emergency reserve. In turn, an emergency reserve can be used as a load
reserve and so on. The operating period of a gas-supply system with incomplete
load can be used to carry out planned-preventive maintenance of individual compon-
ents. The following method can be used to substantiate the load reserve. Based on
analysis of operational data over a number of years (for periods of maximum winter
loads), graphs of the deviation of the actual load of the gas-supply system from
the planned system must be produced. Statistical processing of these graphs yields
the frequency of appearance of a given deviation of actual load from planned load.
The data can be used to plot the graph of the dependence of random excess of load

115

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

PUN VT ICANL VDL Vit

compared to planned load on the probability that this excess will appear. Areas
of probable excesses of actual load compared to planned load will be found on the
- plotted graph and the maximum excess load above calculated load will be determined
from them. The load reserve should be selected so that the maximum probable random
excess of load compared to planned load is covered. The load reserve may be deter-
mined at the rate of 1-2 percent of maximum daily load in the absence of adequate
input information. The storage capacity of the last line section of a major gas
pipeline system can be used as one of the sources of providing a load reserve. If
the storage capacity of a section is inadequate, acceleration of the operating
B modes of gas-pumping units and an increase in the number of reserve units above the
- needs dictated by conditions of providing an emergency and repair reserve may be
utilized.

- When considering problems of reservation and covering of irregularity in loads, the
authors feel that one must proceed from the prerequisite of providing a maximum load
of major long-distance pipelines in which the greater part of the basic funds and
metal will be concentrated, and their operating indicators will determine the oper-
ating efficiency of the country's entire gas transportation system. The load of
these major pipelines should be brought up to the maximum possible, while irregular
gas consumption by consumers is made up by measuraes on regulation of gas consumption
and storage implemented in the European regions, i.e., in the regions of consumption.
With this postulation of the problem, the calculated load of long-range gas pipe-
lines can be determined only by the operating reliability of these components and
of the system as a whole.

The problem of utilizing the calculated carrying capacity up to 95 percent can be
posed for multipipe systems equipped with connectors at compressor stations and for
line connectors every 25-50 km. The most feasible load factor of gas pipelines, as
indicated by calculations, is 0.94-0.96 at length of more than 2,000 km, 0.92-0.94
- at 1,000-2,000 km, 0.85-0.87 at 500-~1,000 km and 0.75-0.80 at less than 500 km.
In the latter case the gas pijeline can be used as a booster regulator of irregular
gas consumption.

The results of calculating the reduced expenditures for pipelines 1,020, 1,220 and
1,420 mm in diameter for conditions of northern and central regions of the country
with calculated load factor of Kj = 0.82 and Kz = 0.95 are presented in Figure 4.10.

An increase of the load factor considerably improves the main engineering and
economic indicators and optimum carrying capacities of pipelines. Thus, the pri-
mary problems for further development of the country's unified gas=-supply system
are creation of a storage system and implementation of other measures that provide
coverage of irregular gas consumption at a high average annual level of use of
major long-distance gas transportation pipelines.

soviet and foreign experiments of developing gas depots and regulation of consump-
tion confirms the feasibility of implementing the following measures:

a) a dual fuel economy;

b) development of underground gas depots located in different areas along
the route of major gas pipelines;
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Figure 4.10. 2Zones of Application of Gas Pipelines 820, 1,020, 1,220 and
1,420 mm in Diameter with Output Utilization Factors of Kj =
= 0,85 and K3 = 0.9: l--for the central zone; 2--for northern
conditions

Key:
1. specific reduced expenditures, thousand rubles/year
2. Productivity, billion m3/year

c) development of isothermal liquefied methane and propane-butane depots;
d) use of regulator fields;

e) use of the storage capacity of line sections of major gas pipelines and
acceleration of the operating modes of compressor stations (provided that the com-
plex of production restrictions for long-range transportation of gas is observed).

A dual fuel economy as a source of reservation in the components of gas-supply sys-
tems should be understood as creation of solid or liquid fuel reserves for con-
sumers operating on gas and use of them during increased gas consumption where
production technology permits this.

The scope of expenditures to create reserve mazut, gas and coal depots is shown in
Figure 4.11, from which it follows that coal storage is feasible as a reserve fuel.
Since mazut consumption for the needs of power engineering is reduced with regard
to a reduction of oil refining and an increase of the fraction of petroleum prod-~
ucts as a raw material for the chemical industry, if there are surpluses of gas
reserves, they can be used at coal-fired electric power plants, for which storage
warehouses of coal reserves accumulated during operation of electric power plants
on gas must be developed. This scheme requires the least expenditures for fuel
storage and has the greatest maneuverability under conditions of increased consump-
tion of coal fuel at electric power plants. Creation of coal-gas electric power
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Figure 4.11. Expenditures for Development and Operation of Fuel Depots
(in conditional calculation): - l=--mazut; 2--gas; 3--coal

Key:
1. Reduced expenditures, rubles/ton
2. Capacity of warehouses and underground depots, thousand tons

plants with developed coal storage depots is feasible from the viewpoint of fuel
transportation by rail and of equalizing the work of the coal-mining industry.
Coal can be transported to the depots of electric power plants during decreased
shipments of other freight. :

Underground gas depots in water-bearing strata are the most promising types of gas
depots for equalizing the production and consumption schedule. Development of
depots and their disposition are limited by the presence of natural geological
structures for this purpose which are not universally found. Underground gas
depots are created along the gas pipeline route and in regions of gas consumption.
Depleted oil and gas pools and also water-bearing strata can be used for underground
depots. Underground storage usually includes wells and their casings, gas purifica=-
tion, drying and other pocessing plants, compressor stations and cushion and active
gas.

Depots created on the basis of depleted gas fields are characterized by the best
engineering and economic indicators since the well, the casing and the gas scrub-
bing and drying device are used and the expenditures for cushion gas are sometimes
no longer required. '

The specific reduced expenditures in underground gas depots in water-bearing strata
are presented in Figure 4.12. As can be seen, they decrease with an increase of
storage volume and increase with an increase of the maximum daily productivity.
Thus, if the storage volume increases threefold, the engineering and economic indi-
cators improve by 30 percent. The specific capital investments vary considerably
with the depth of deposition of the bed and to a lesser degree on well yield. The
distance from consumers has a significant effect on the engineering and econonic
indicators of depots.
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Figure 4.12. Specific Reduced Expenditures in Underground Gas Depots in Water=-
Bearing Strata as a Function of the Active Volume of Gas and the
Maximum Daily Production

Key:
- 1. specific reduced expenditures, rubles/ (million-m3/day)
2. Active volume of gas, million m3

- The use of a number of gas fields of the European USSR, located in mass consumption
regions or having developed and now unutilized pipeline outlets, as regulators to
compensate for a gas shortage during increased consumption is possible. No addi-
tional capital investments are required to equip these fields and a production
schedule only during periods of increased gas consumption should be established for
them. The unextracted gas remaining in the beds will be consumed during peak loads
and its reserve will be sufficient for a considerably longer period than with uni-
form production over an entire year.

It is natural that major gas pipelines from remote fields should fully provide these
regions with gas during a decrease of loads and cessation of gas production at reg-
ulator fields. The proposal to use the fields of the European USSR deserves the
most serious intention under conditions of the rapid development of further gas
transportation and the need for universal improvement of the recovery of basic
stocks of long~distance gas pipelines.

Gas storage in salt domes is becoming widespread abroad. Gas storage in salt domes
is achieved by dissolution of the salt by water pumped into the stratum and by pump-
ing out the saline solution. .Two pipes are usually lowered into the well for this;
water is delivered to the stratum through the space around the pipe and the saline
solution is pumped out throught the inner rpipe.

The characteristics of a number of these gas depots are presented in Table 4.22
[61].

Liquefied gas depots have recently been constructed in the United States and Canada
to compensate for irregular consumption. Depending on designation, two types of
installations are being developed:

for propane-butane fractions which are used to provide short-term peak loads
at relatively low gas consumption, primarily at points where domestic consumers are
supplied with gas;
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3 ynoa
Kosnsurron Koywrn (CIUA) .| 1740 (1 3§o ne 175175 |2710—88 | 31,8—-31.,8

Depot
Depth, meters

Thickness of salt dome, meters
Dimensions of cavern, thousand m3
Maximum working pressure, kgf/cm2
Useful gas volume, 2-10° m
Merisville (United Siates

8. Melville (Canada
9. Regina (Canada)

10. Tersan (France)

11. Kiels (West Germany)

12. Covington County (United States)
13, salt dome

for liquefied natural gas--methane--with the gas being cooled to -163°C and
stored in double~walled tanks similar to those used during transportation of gas
in the liquefied state (see Section 4.8).

Pipelines, mainly delivery mainlines constructed with a high reserve of carrying
capacity and used as reserve tanks to cover short-term peak loads in gas consump-

tion, are frequently used as gas depots abroad.

This method of supply regulation

is economical when previously constructed pipelines are used,

Key:

Table 4.23.

2) | aedide | Tebdk |5

x sl) Kn(u'n)» momRe ’Lm X

. sanmemen | etwmcne | waowese | eXCTOXMME

) mgepuxn | PUCXOAM
Kasepun 8 coARHBIX lunc‘ﬁ) Ce . 100 100 100 100
3arnybaennwe tpyom (7). . . . . . . . . 160 160 100 150 -
Maructpans pesepsnoro Raxonaenus (8). . . 180 180 — 160
Xpanuanine » suge cxmaxun (9). . . . 200 200 100 190

Depots
Capital investments

Depreciation deductions
Current operating expenses
Total annual expenses

[Vo I« JREN G )
.
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This method is used rather extensively in the gas transportation system of the USSR
where part of previously constructed mainlines is not fully loaded and is essential-
ly used as gas depot regqgulators.

Comparable indicators of gas depots of different types are presented in percent in
Table 4.23,

4.8. Gas Transportation and Storage in the Liquefied State

Transportation and storage of natural gas (methane) in the liquefied state have be-
come widespread in worldwide practice during the past few years. It is known that
methane is converted to liquid at atmospheric pressure and at temperature of =-162°C.
It remains in liquid form to -82°C if the pressure is not lower than 47 kgf/cm2.

The density of liquefied gas is 425.5 kg/m3. One cubic meter of liquefied gas is
equivalent to 632 m3 of gas at atmospheric pressure.

Aluminum or steel with nickel content of approximately 9 percent is used to manu-
facture tanks, pipelines and equipment for storage and transportation of liquefied
gas. The cost of this steel, according to United States data, is 5.5-6.0 times
higher than ordinary carbon steel. A vacuum is used in most cases as heat insula-
tion. The tanks and pipelines are constructed with double walls between which a
vacuum is created. The space between the walls is filled with insulating materials.
- Only the inner walls of the tanks are constructed from aluminum or steel with
nickel content on the order of 9 percent with this design; the outer walls are
constructed from ordinary carbon steel. There are cases of pipelines being con-
structed with insulation of different insulating materials without double walls
and without creation of a vacuum between them. However, experience shows that
preference is given to insulation with formation of a vacuum between the double
walls of tanks.

Liquefied gas was first shipped from the United States to England in 1959 on the
special ship "Methane Pioneer" and since 1964 a permanent system for shipment of
liquefied gas from Algeria to England and France has begun to operate.

Operation of this system showed its reliability and the relatively favorable engin-
eering and economic results that permit competition of the imported gas with other

types of fuel. Moreover, the possibility of storing gas reserves in the liquefied

state for a long time to cover the peak loads and also the possibility of develop-~

ing pipelines for liquefied gas transportation were determined.

The use of liquefied gas is now being developed in worldwide practice in the fol-
- lowing directions:

intercontinental shipments by special methane tankers;

intracontinenéal transportation of gas by motor and rail transportation;

development of liquefied gas depots to cover peak loads and to equalize the
load of pipelines in the form of special installations or in combination with in-
tercontinental or intracontinental gas transportation and also in combination with
installations to extract the valuable components (helium, butane, ethane, propane

and so on) from the natural gas.
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The problem of intracontinental transportation of gas through pipelines is being
studied in some countries.

The main industrially developed countries have been developing transportation of
gas in the liquefied state during the past few years from developing countries at
very rapid rates with regard to the high effectiveness of using natural gas for
domestic purposes and also with regard to the sharp increase of oil prices.

Data on transcontinental liquid methane transport systems being operated, con-
structed and planned are presented in Table 4.24, but despite the development of
these systems, a large shortage of gas is felt in the industrially developed coun-
tries. The gas shortage was estimated at 750 billion m3 in 1980, of which 400 bil-
lion were in the United States, 190 billion were in Western European countries and
60 billion were in Japan; the shortage will reach 800 billion m3 in 1985, of which
430 billion m3 will occur in the United States.

Intensive development of a special tanker fleet, liquefaction plants, liquefied

gas loading and unloading ports and storage and regasification bases was begun with
regard to the indicated needs. The capacities of methane tankers have been in-
creased continuously: the first methane tankers (1965) trasnported approximately
25,000 m3 of gas in the liquefied state, tankers with capacity of 71,500 m3 of gas
were introduced in 1972, the capacity was 120,000 m3 in 1975 and tankers with ca-
pacity up to 160,000 m3 are now being designed. A total of 34 methane tankers were
being operated in 1975 and it is expected that the number will reach 78-80 in 1980.

The capacity of liquefaction plants and the capacity of tank depots and individual
tanks are increasing continuously. It is expected that the unit capacity of plants
will reach 30-40 billion m3 of gas annually. The unit capacity of tanks increased
from 1,200 m3 in 1965 to 35,000 m3 in 1972. Tanks with capacity of 80,000 and
120,000 m3 are being constructed. Gas receiving, storage and regasification bases
are usually designed to cover peak loads, i.e., they are simultaneously warehouses
that provide regulating functions for gas consumption of the country's adjacent
regions.

It is difficult to talk about specific expenditures And other engineering and eco-
- nomic indicators of liquefied gas transportation with regard to inflation and the
increase of gas prices.

The cost of liquefied natural gas in the United States, Japan and Western European
countries showed its competitiveness compared to other types of fuel, which indi-
cates the prospects of intercontinental gas transportation.

Shipments of liquefied methane by motor and rail transportation in the United
States never became widespread and are essentially still in the stage of experi-
mental industrial verification since methane shipments are considerably more com-
plex than propane and butane shipments. Propane and butane are shipped by rail at
any outside air temperatures at pressure of 16 and 7 kgf/cm2, respectively.

The simplicity of the production process of transportation, storage, transfer to
tanks and delivery of tanks to consumers led to the mass use of propane and butane
as a domestic fuel both in the USSR and in other countries.
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Table 4.24.
(1) H.W (3) Koauvectso rass, man. m%/cyt Cpox xout-
Pecnopref = faamopres "o | 1975 | 19761980 | 19811085 | 19851900 4;"::':'
xcnagamupyensie cucmess (5)
Amxup — Ancaus 1964 2,8 2,8 2,8 2,8 15
Anwnp — dpanansl 7) 19651 1.4 1.4 1.4 1.4 15
Anscka — Sinonns é?) 1969 | 4,0 4,0 4,0 — 16
Jinens — Hraaus( 197t | 6,7 6,7 6.7 6,7 20
JInena — Hcnannsa (10) 1971 1 3,1t 3,1 3.1 3,1 15
Aaxup — CLIA ({ ), 1971 | 1,1 3.4 3.4 3.4 20
Anxnp — dpanusa (12) 1972 | 10 10 10 10 15
Gpysneft — finonna (13) 1972 | 15 21,6 21,5 21,5 20
Bcero (14) 41,1 52,9 52,9 48,9
Coopycaemsie cucmemss (15) ;
Aaxnp — CILIA 1977 | — 28 28 28 25
Aﬁy-lfaﬁu — finouns (16) 1976 | — 9 9 9 20
IInzonesna — fnowns 7) 1979 | — 28 28 28 20
Bcero 65 65 65
(ls)nnanupyeme cucmems
Anscka — 3an. noGepexse CILHA 1976 | — 1,1 1,1 t,1 10
Anmup —CHIA (11) (19) 1981 — — 17,4 17,4 22
Capasak — flnonus (90) 1981 | — - 21,4 21,4 20
Amxnp — CIIA 1{? 1981 | — — 28,3 28,3 25
Hunoneans — CIIJA 21) 1979 | — 15,6 15.6 16,6 20
Anxnp — ClIA (11)( 1981 |} — - 12,7 12,7 20
Anxcup — Henaniis (22) 198t | — — 17,0 17,0 —
Bcero 16,7 126,2 126,2 —
Exporter-importer 12. Algeria~France
Beginning of deliveries 13. Brunei-Japan
Amount of gas, million m3/day 14, Total
Life of contract, years 15. Systems under construction
Operating systems 16, Abu-babi— Japan
Algeria~England 17. Indonesia-Japan
Algeria-France 18. Planned systems
Alaska-Japan 19, Alaska-West coast of United States
Libya-Italy 20. Sarawak-Japan
Libya-Spain 21. Indonesia-United States
Algeria-United States 22, Algeria=-Spain

West Germany.

used to ship liquefied gas in

Tank trucks with capacity of 13.5 and 22.5 m3 with two-wall tanks and perlite in-
sulation under vacuum between walls are used in the United States for experimental
shipments of liquefied methane between New Jersey and Birmingham.

Experimental shipments of liquefied methane for a distance of 2,400 km showed that
motor transport may be economically effective for supplying small consumers remote
from gas transport mainlines if there are liquefied gas depots.
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A tank truck with capacity of 121 m3 and load capacity of approximately 51.6 tons
(which is equivalent to 75,000 m3 of gas) has been developed in the United States
to ship liquefied methane by rail. The tank is double walled, the inner tank is
made of stainless steel and the outer tank is made of ordinary carbon steel. The
space between them is filled with perlite insulation under vacuum.

- The expenses for shipping 28.3 m3 (1,100 gallons) of liquefied methane by rail over
a distance of 800 km are approximately 30 dollars, the cost is 46-47 dollars for
1,600 km, 15 dollars for 160 km by motor transport, 27 dollars for 200 km and 48
dollars for 480 km. However, expenditures for rail and motor shipment are in the
range of 240-320 km.

Liquefied natural gas shipments in rail tank cars may be compared to gas pipeline
transport for the Soviet Union. If the same engineering solutions as adopted in
American practice are taken, we find that a gas pipeline can be constructed for a
distance of 500-600 km with gas needs of 1-1,5 billion m3/year and it is more eco-
nomical to trasnport gas in rail tank cars over a greater distance. Rail shipment
oger a distance of more than 300-500 km is feasible with gas needs of 0.5 billion
m3/year.

supplying gas by rail transport in the USSR may be promising only for small consum-
ers remote from gas mainlines where construction of a gas pipeline is inefficient
due to the great distances and low needs for gas.

The feasibility of organizing rail shipment of liquefied gas should be considered
with regard to the balance of byproduct gas (propone, butane). Propane and butane
are transported by rail simpler and with lower expenses than liquefied methane.

Taking into account the heat-producing capacity of liquefied gas, it is more ef-
fective to ship it in tank cars than any other fuel: the heat-producing capacity
of liquefied gas is 12,000 kcal/kg (that of oil is 10,000-10,200 and that of coal is
4,000-~7,000 kcal/kg). Comparison of the engineering and economic indicators of gas
pipeline trasnport and transportation of liquefied gas by large-capacity aircraft
showed the high effectiveness of gas pipeline trasnport (thus, the capital invest-
ments are one-third as much and operating expenses are one-twelfth as much). Air
transportation is also less efficient compared to intercontinental shipment by
maritime transport.

Pipelines for liquefied methane operate at short distances, mainly only within
liquefaction plants, ports and regasification plants. Development of pipelines

for pumping natural gas in the liquefied state over great distances encounters sig=
nificant difficulties: the need for reliable heat insulation of the pipes, compen-
sation for the very significant temperature deformations due to the high temperature
drop, the need for intermediate cooling of the gas during trasnportation and so on.
One should bear in mind the high cost of steel or aluminum for pipes operating at
low temperatures.

A plan for pipeline transport of liquefied gas over pipes 914 mm in diameter has
been developed in the United States. Comparison of the engineering and economic
indicators of methane transportation by pipeline in the gaseous and liquefied state
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- yielded results unfavorable for liquefied gas. The effectiveness of gas trasnport
in the gaseous state compared to pumping in the liquefied state will be even high-
er, especially upon conversion to gas pipeline parameters with increased pressure
up to 120 kgf/cm? and moderate cooling.

However, development of liquefaction technology, development of new synthetic ma-
terials and less expensive steels suitable for working at low temperatures may
change the results of comparing the transportation of methane in the gaseous and
liquefied state. With further development of this problem, one cannot help but
take into account that the influx of liquefied gas to the consuming region creates
conditions for reservation and covering peak loads and that intermediate parameters
can be selected, i.e., the gas can be pumped at temperatures considerably higher
than -162°C, but at pressure that provides pumping of it in the liquid phase.

So-called satellite liquefied gas stations, which are regasification plants to
which gas is delivered by rail or motor transport, are beginning to become wide-
spread in the United States. These stations are designed to supply consumers in
regions having no systems or to cover peak loads where the systems do not have ad-
equate carrying capacity.

- Finally, systems are being developed and operated which consist of transportation
equipment that includes not only tanks for shipment of liquefied gas but also re-
gasification equipment. These plants are used for temporary supply of consumers

with gas, for example, during emergencies of gas pipelines, a delay in startup of
gas pipelines and in other similar cases.
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Chapter 5. Pipeline Tramsport of 0il
5.1. Development of Pipeline Transport of 0il in the USSR and Abroad

Discovery of oil fields in the Volga-Urals region, on the Mangyshlak Peninsula and
in the Central Ob' region and the rapid growth of oil production and changes in the
disposition of the petroleum refining industry in the USSR had a decisive influence
on the rates of oil pipeline construction in the Soviet Union and on their param-
eters [2, 12, 35].

- 0il production (including gas condensate production) increased from 70.1 to 490.1
million tons from 1955 to 1975 and will reach 620-640 million tons in 1980, where-
as the center of gravity of production has shifted from the southern regions (the
Caucasus and Transcaucasus) to the Volga-Urals region and then to the Central Ob'
region of Tyumenskaya Oblast. There has also been a shift of petroleum refining
plants from oil producing regions to consuming regions and whereas oil refining was
previously concentrated in oil producing regions and petroleum products were trans-
ported to consumers, oil refining plants were constructed during the later period
in consuming regions with delivery of oil to them primarily by pipelines. New
plants were constructed in Western and Eastern Siberia, in the central regions of
the country, in the Ukraine and in Belorussia. The capacity of plants located in
producing regions was usually not increased.

The development of pipeline transport is based on the principles of converting them

- to mainlines: concentration of oil volumes, an increase of pipeline diameter and
productivity and laying parallel pipes. These principles predetermined the high
engineering and economic indicators of pipeline transport of oil.

The parameters of oil pipelines under construction increased according to the in-
crease in the volume of transported oil and the pumping distance and the scales of
pipeline construction increased: thus, whereas 3,200 km of oil and petroleum

product pipelines were constructed during the period 1966-1970, 15,900 km were
- constructed during the period 1971-1975 [30]. At the same time the oil pipeline
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parameters increased: whereas the maximum pipeline diameter was 1,020 mm in 1971~
1975 with carrying capacity two times higher than pipelines 820 mm in diameter,
pipelines 1,220 mm in diameter with carrying capacity two times higher than pipe-
lines 1,020 mm in diameter were mainly constructed during the period 1975-1980.

The main indicators of pipeline transport of oil and petroleum products are pre-
sented in Table 5.1. It must be noted that the length of the petroleum product
pipeline system comprises approximately 20 percent of the total length of oil and
petroleum product pipelines, while the freight turnover performed by them com-
prises only about 5.0 percent, while the remaining part falls to oil transport.

Table 5.1,
(1)
Tloxsssrem 1968 1970 1975

OGbem nepexasxs, Man. t/roa (2) . . . . . 225,7 339,9 497,6

Iporsaxennocts, The. ke (3). . . . . . . . 28,2 37,4 56,9

[pyscoGopor, mapa. T-xm (4) . . , . . . 146,7 281,7 665,8

_ [pysonanpsaxennocts, MAR. T:KM/KM () . 5,20 7,53 11,50
Cpeanns RaRLAOCTL TPAHCHOPTHPOBKH, KM (6). 650 828 1338
Key:

1. Indicators 4., Freight turnover, billion tons+km
2. Pumping volume, million tons/year 5. Freight intensity, million tons-km/
3. Length, thousand km km

6. Average transportation distance, km

The rapid development of oil pipeline transport is explained primarily by better
engineering and economic indicators compared to rail transport. Thus, the cost of
pipeline transport of oil comprised about 0.95 kopeck per 10 tons-km compared to
2.48 kopecks on the average for all freight in rail transport during the past few
years. Less than 10 percent of oil is transported by rail and partially by river
transport, primarily in those cases when there are small oil volumes and construc-
tion of pipelines is inefficient,

Several large pipeline systems of great length having no equal in the world have
been developed in the Soviet Union. The first large pipeline system for oil trans-—
port is the Druzhba oil pipeline, constructed in 1960-1964 through the joint ef-
forts of CEMA member countries: the Soviet Union, Poland, East Germany, Czecho-

- slovakia and Hungary. The oil pipeline was constructed to provide East European
countries and a number of oil refining plants of the western Soviet Union with oil
from the Volga-Urals fields at minimum trancportation costs.

The total length of the Druzhba oil pipeline is 5,116 km, including 3,455 km in the
USSR. It begins in the region of Kuybyshev, crosses the Volga river and passes
through the central part of the RSFSR near Bryansk and through Belorussia to Mozyr'.
The pipeline then branches off. The southern branch is laid in the Ukraine to the
border of the Soviet Union and Czechoslovakia and proceeds to Bratislava with a
branch to Hungary. The northern part proceeds to the border with Poland and
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passes through Poland to ghe German Democratic Republic, supplying the oil refin-
ing plants of Poland with raw material en route. At the same time the oil pipe-'
line supplies oil to the Polotsk plant in Belorussia and to the Baltic seaports.
This is one of the world's largest oil pipelines [12, 13, 38].

An oil pipeline has been constructed from fields of the Volga-Urals region to
Novorossiysk to supply oil for export and an oil pipeline has also been constructed
from fields on the Mangyshalk peninsula to the Kuybyshev region. Further develop-
ment of pipeline transport in the Soviet Union has been predetermined mainly by
development of oil production in the regions of the Western Siberian lowland. An
0il pipeline on the Ust'-Balyk--Omsk section approximately 1,000 km long is already
under operation and the Omsk-Pavlodar pipeline has been laid to supply oil to the
Pavlodar plant. The total length of this pipeline system will reach 1,820 km after
the pipeline has been laid to the Chimkent and Chardzhou plants. An increase of
the carrying capacity of this oil pipeline is planned on the section to omsk [12,
13, 441.

The Nizhnevartovsk--Andero-Sudzhansk oil pipeline has been constructed to supply
Eastern Siberia and the Far East with oil, for which part of the previously con-
structed Tuymazy-Irkutsk pipeline was used. This pipeline is also used to deliver
0il liquid terminals for further transportation to the east over the trans~Siberian
mainline railroad and subsequently over the Baykal-Amur mainline railroad under
construction,

A large oil pipeline system is being developed from fields in the Central Ob' re-
gion to Al'met'yevsk and Kuybyshev to deliver oil to the Druzhba system and other
pipelines proceeding from this region. A multipipe pipeline is being constructed
from Al'met'yevsk to the oil refining plants in the central regions. A continua-
tion of the Nizhnevartovsk-Kuybyshev oil pipeline is the long pipeline to the
Ukraine and to Odessa port for delivery of oil for export [12, 13].

Table 5.2.
l'!onasgr];l)ll 1965 1970 1976 19717
(2)
- TOOBUA | .. v v o e e e e e e e e e e 384 534 466 463
Hunopr €(3) . . . . . . . . .. . .. 121 167 301 419
B Tom uiicae: (4)
HedTb (5). - ; o o o o e e e - .| 62 6 204 331
H:$1e|lpony|(m 6y ... ..... .| 69 101 97 88
Jkenopr (7). e e e e e e . 5,8 5,8 10,7 10,7
B Tom uuche:
u:&n e e e e e e e e e e e —_ — 0,3 0,3
 HeQTENPOAYKTH . . . . . . . . . . . 5,8 5,8 10,4 10,4
Mouisocts fieprenepepaGaTHBaoUIX IABOAOB . 537,6 630,0 710,8 838,0
(8)
Key:
1. Indicators 5. 0il

2. Production
3. Import
4, Including

APPROVED FOR RELEASE: 2007/02/09:

6., Petroleum products

7. Export

8, Capacity of oil refining plants
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It is planned to construct oil pipelines 15,000 km long and not less than 3,500 km
of petroleum product pipelines by the end of 1980 [2].

Pipeline transportation of oil has become most widespread abroad in the United
States. Pipeline transportation is used to transport oil produced not only in the
United States but also delivered from other countries and also to transport oil re=-
fining products. The main oil-producing region in the United States is the coast of
the Gulf of Mexico, where the main part of oil reserves is concentrated: 32 percent
in Texas, 13 percent in Louisiana, 10 percent in California, 3.5 percent in Oklahoma
and so on. Offshore fields in the Gulf of Mexico have been developed intensively
during the past few years. Thirty percent of the country's oil reserves are concen-

- trated in Alaska. Data on production and export-import of oil in millions of tons/
annually in the United States are presented in Table 5.2 [94, 95].

0il is delivered by pipeline from the southern producing regions to local refining
plants and a number of plants in the central and northern states of the country. A
large volume of oil and petroleum products is transported by sea to the industrially
developed and densely populated northwest (New York and Philadelphia) [SIC). A sig-
nificant volume of oil is delivered from southern states to the Chicago region and
to the east coast, Petroleum products are transported by pipelines from the oil
refining plants located mainly on the coast (the region of the Gulf of Mexico, New
York, Philadelphia, Los Angeles and San Francisco) to the interior of the country,
since the capacity of plants in the central states is unable to meet the needs of
the attractive regions for petroleum products. The concentration of oil refining

is explained in some cases by the high local needs for fuel oil used to make up the
deficit of boiler~furnace fuel.

The main oil suppliers of the United States were Canada (15.0 percent), Nigeria
(16.8 percent), Iran (7.5 percent), Venezuela (10.8 percent), Saudi Arabia (14.5
percent), Indonesia (8.9 percent), Algeria (6.5 percent) and the United Arab Emi-
rates (3.7 percent). Moreover, the main fraction (75 percent) of imported petroleum
products is fuel oil. This is explained by the extent of oil refining. The output
of light petroleum products upon refining comprised 43.7 percent of gasoline, 7.4
percent kerosene and jet fuel, 21.4 percent of motor and diesel fuel and 72.5 per-
cent of all light products in 1975. The output of fuel oil is relatively low and
the need for it is made up to a significant degree by imports [94, 95].

Table 5.3
. Croumocts,
Hetrbleoonon Juoger: | Dpommer | Cromecr
(2) (3) {4)
ﬂpanxo-ﬁcn—Bam(u?a) e e e e e ) 1220 12717 10000
HedreGaza (3aans lienassp) -uecprenepepagg
THsalowHil 3ason  (Punanensdus) .. 900 144 —
ITopr Jiynanana — Baton-Pyw &7). e 1220 104 —_
dpunopr  (Texac) — Kamnur  (Oknaxoma) 28; 760; 900 848 130
Buiomont (Texac) — Kawimr (Oxnaxoma) (9). 760 755 96,5
Cuatrra  (Bawmmurton) — Kacnep (Baﬁommvr)(lo] 1000; 1060 1760 —

[Key on following pagel
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[Key continued from preceding pagel:

1. 0il pipeline 6. Petroleum base (Gulf of Delaware)-
2. Diameter, mm oil refining plant-(Philadelphia)
3. Length, km 7. Port Louisiana-Baton Rouge

4. Cost, million dollars 8. Freeport (Texas)-Cushing (Oklahoma)
5. Prudhoe Bay-Valdez 9., Beaumont (Texas)-Cushing (Oklahoma)

10. Seattle (Washington)-Casper (Wyoming)

The structure of oil producing sources predetermines the complexity of the oil and
petroleum product transportation and economic ties of the United States and the in-
volvement of various types of transport in oil transportation. Thus, 75 percent
of oil is transported by pipeline, 0.2 percent by rail, 18 percent by water and 6.8
percent by motor transport and the figures are 27, 2.0, 22 and 39 percent, respec-
tively, for petroleum products.

The most widespread type of oil and petroleum product transport is pipeline. Devel-
opment of pipeline transport proceeded through increasing the pipe diameter and pipe
productivity and increasing capacities by laying parallel pipes. However, smaller
diameter pipes are used mainly in the United States than in the USSR. The charac-
teristics of large pipelines constructed and planned for construction and presented
in Table 5.3.

The Prudhoe Bay~Valdez oil pipeline with pipe diameter of 1,220 mm and carrying
capacity of 90 million tons/annually, which has become widely known as the Trans-
Alaskan pipeline [76, 98], intersects Alaska from north to south and is designed to
deliver oil from the Prudhoe Bay field in northern Alaska with proven reserves of
approximately 1.6 billion tons to the nonfreezing port on the southern coast of
Alaska--Valdez. It was laid under extremely complicated permafrost conditions with
a considerable length over collapsing soils, The following methods of laying the
pipeline were employed during construction: on pilings with spans of 15-21 meters
between supports on sections 615 km long, in trenches in the absence of collapsing
soils on sections 658 km long and in trenches with laying two pipes parallel to
cool the soil and to maintain permafrost in sections 11 km long. The sections of
pipeline laid aboveground were insulated with polyurethane and reinforced with
fiberglass and epoxy resins, Steel pipe 9-15 meters long and 450 mm in diameter
with wall thickness of 9-12 mm were used for pilings. Each support consists of

two pilings and a crosspiece on which the pipeline rests. Installations of pipe
cooling systems 50-65 mm in diameter and 9~18 meters long were constructed near the
pilings to maintain the permafrost.

The trans-Alaskan oil pipeline was developed from pipes with wall thickness of 11.7~
14.3 mm. The pipes were manufactured from steel which contains 1.39 percent manga-
nese and 0.08 percent niobium. The impact strength of the steel at -10°C is 7
kgf/cm2, Special spherical gate valves 1,220 mm in diameter, designed to operate

at temperatures to -65°C, have been installed on the pipeline.

Twenty-four gas turbines with capacity of 10,000 kW each have been installed at
eight pumping stations of the first unit. The fuel for the first four pumping sta-
tions is gas delivered through a special gas pipeline and the remaining stations
are equipped with devices that extract light gas fractions from oil which are also
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the fuel for the gas turbines. Control of all stations is remote from the main
pumpinb station.

Tanks designed for 35,200 m3 of oil have been constructed at the main station.
Construction of the main oil pipeline facilities required extensive work to dry up
the lake and fill it with gravel. Coils for cooling the soil and to prevent it
from thawing have been laid under the foundation of the tanks and pumps. A petro-
leum product storage and distribution center consisting of 18 tanks with capacity
of 80,000 m3 of oil each and with volume of a 10-day reserve of o0il pipeline produc-
tivity has been developed at the final station at Valdez. The tanks are installed
at a height of 120-150 meters above sea level, which provides filling of tankers by

- gravity flow and permits loading of 2-3 tankers daily. The ballast water is also
purified of oil, for which three additional tanks with capacity of 68,000 m3 each
have been constructed. A specialized highway was constructed along the route of
the oil pipeline from the Yukon River to Prudhoe Bay, a distance of 580 km, to
deliver freight. Nineteen worker settlements were erected for construction and
later for operation of the oil pipeline. The United States Department of Defense
mainly managed the construction of the oil pipeline.

The total cost of constructing the oil pipeline, according to approximate calcula-
tions for the end of 1977, was estimated at 9.0-11.0 billion dollars, and with re-
gard to the port equipment, tanker acquisition and development of the fields, it
was estimated at 14-15 billion dollars or 155-170 dollars per ton of oil.

An oil pipeline is now being planned from Valdez to regions of the mid-west over a
distance of 1,770 km.

The experience of construction and operation of the trans-Alaskan oil pipeline con-
firmed the complexity and low reliability of "hot" pipelines under permafrost con-
ditions. More modern methods of pipeline transportation of o0il under these complex
conditions must be found.

Comparison of the main indicators of pipeline transport in the USSR and United
States is presented in Figure 5.1. BAs can be seen, pipeline transport in the USSR
is almost equal to oil and petroleum product transport in the United States in
freight turnover. At the same time the length of the system in the USSR is con-
siderably less, while the average freight intensity is higher (approximately 2.7
million tons-km in the United States and 11.7 million tons-km/km in the USSR).
This indicates the incomparably higher concentration of capacities.

Until quite recently, the oil pipelines of Western European countries usually de~
livered oil from the seaports, where it was delivered by tankers from the Near East
and Africa to the oil refining plants located in the petroleum product consuming
regions. Major oil pipelines that service the oil refining plants of several coun-
tries: France, Italy, Switzerland, Austria and West Germany have now been con-
structed. The following should be named among the more significant oil pipelines
[o1]:

The Northwestern pipeline from Wilhelmshafen to Wesseling with a branch to the
plant in the Ruhr with total length of 384 km with branches, 720 mm in diameter and
productivity of 25 million tons/year;
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The Rotterdam-Koln pipeline 454 km long, 620 mm in diameter and with produc-
- tivity of 17.5 million tons/year;

The Southern European pipeline from Marseilles port to the oil refining plants
in eastern France and southern West Germany 780 km long, approximately 900 mm in
diameter and with calculated productivity in the main part of 30-34 million tons/
year; .

The Central European pipeline from Genoa (Italy) to Echallens (switzerland)
and further to Ingoldstadt (West Germany) 650 km long and with productivity of
about 8 million tons/annually;

The trans-Alpine pipeline from Trieste port (Italy) across the Alps to Austria
to Ingoldstadt (West Germany) with a branch to the oil refining plants in Bavaria
and in the region of Viemna, 1,000-1,050 mm in diameter, and with calculated prod-
uctivity of 54 million tons/annually. Since the pipeline in the central part is
1aid under severe mountain conditions and passes through three tunnels with a total
length of about 7 km, the cost was high. A total of 11 pumping stations was plan-
ned for a pipeline 480 km long.
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Figure 5.1. Indicators for Development of Pipeline Transport of Oil and

Petroleum Products in the USSR and the United States: 1--
length of pipelines in the USSR; 2--length of pipelines in
the United States; 3--freight turnover of oil pipeline trans-
port in the USSR; 4--freight turnover of oil pipeline trans-
port in the United States; 5-- freight intensity in the USSR;
6--freight intensity in the United States; 7--average distance

- of transportation in the USSR; 8--average distance of transpor-
tation in the United States

[Key on following pagel
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Key [Continued from preceding page]:

1. Average distance of transportation, km 4. Length, thousand km
2. Freight intensity, billion tons-.km/year 5. Years
3. Freight turnover, billion tons-km/year

Data on transport [85] of oil and petroleum products of Western Eurcpean countries
are presented in Table 5.4.

Mass construction of pipelines from prospected fields to coastal production and
storage centers with underwater laying of pipelines was organized in 1975 after
discovery of oil fields in the North Sea, the reserves of which are estimated at
3.5 billion m3 of oil. It is planned to construct a number of pipelines from 400
to 900 mm in diameter with a total length of about 2,000 km and pipelines 900 mm
in diameter will be most widely distributed.

0il production in Western European countries increased rapidly after discovery of
fields in the North Sea and had already reached 23.8 million tons in 1975 (compared
to 15.5 million tons in 1973).

Table 5.4.
(1) 1970 1975
Cipentd 3anagnoft Espoomd n.»&&)u- Qh‘sé L EE‘) MNpomwen | OBren ne- 1y
woc TS, pe g, . HOCTH, pexaexn, m.
_ THE, KM W T/IOK | MgA. T-xM | TWC. KN MM T/TOR | MADA. T-KM
- Ascrpud3) 0.16 18,5 2,93 | 0,60 31,6 5.5
Benwina {6) 0,06 5.4 0.28 | 0,32 30,5 1.5
Spanms(?) . . . . ] 3,53 78,8 28,2 5.23 103,0 31,1
Huzcpaanan (8). . . .| 0.4 24,5 4.1 0,61 36.9 4,4
Wrefuapna (9)._ .. - 0,22 2.8 1,2 0,24 13,2 1,2
_ Bemmo(’pmauuu(lQ) . 1,78 23.6 2,67 2,62 28,8 5,3
ePr (11). 2,06 88,0 16.8 2,08 91,0 14,4
Key:
1. Western European countries 7. France
2. Length, thousand km 8. Netherlands
3. Pumping volume, million tons/year 9, Switzerland
4. FPreight turnover, billion tons-km 10. Great Britain
5. Austria 11. West Germany
6. Belgium

Since oil pipelines from the North Sea fields are laid under water, the costs of
constructing them are 10 times greater than the cost for construction of the same
pipelines laid on land. However, the high prices for oil and the short length of
the pipelines make construction of them and exploitation of the fields on the North
Sea shelf areas profitable. According to an optimigtic estimate, it is planned to
bring the total production in these fields up to 300 million tons.

_ The Socialist countries of Europe receive oil mainly through the Druzhba pipeline
from the USSR (except Rumania and Yugoslavia). The oil pipeline system of these
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countries is comparatively short sections of pipelines that deliver oil to oil
refining plants. A number of countries have ports for receiving oil from the sea
and pipelines from them to the plants. The total length of the pipelines of the
Eurcpean Socialist countries is approximately 7,000 km (85].

The pipeline transport of oil exporting countries is usually relatively short pipe-
lines from the fields to the ports. The plan of a pipeline from the southern fields
of Iran to Iskander port on the southern coast of Turxey 1,688 km long and 1,060 mm
in diameter is of interest amcng the oil pipelines of these countries. This pipe-
line will transport Iranian oil to Western European countries by a short route.

Problems of constructing a pipeline from southern Iran to the Mediterranean coast
of Syria 1,243 km long and 1,220 mm in diameter and also that of constructing a
pipeline from the fields of southern Irag to the Mediterranean coast of Turkey
1,008 km long and ‘1,000 mm in diameter are under consideration (78, 83, 85]. Con-
struction of these pipelines is induced by the rapid increase of oil production,
which reached, for example, 276-302 million tons in Iran during 1974-1977 and 91-
111 million tons in Irag, and by the high costs of transporting oil by sea around
the Cape of Good Hope.

A mixed shipping scheme has been organized to reduce expenses for transporting oil
from the Near East to Western European countries. Since the size of the Suez Canal
permits passage of tankers with capacity only up to 80,000 tons, a two-pipe oil
pipeline 340 km long and 1,060 mm in diameter has been laid along the Suez Canal.
The oil is pumped from supertankers with capacity from 120,000 to 170,000 m3 prior
to entry into the canal at Port Suez and the oil is loaded into the supertanker in
the Mediterranean Sea at Alexandria port. Petroleum storage and distribution cen-
ters with tanks having capacity of 120,000 m3 have been constructed in the ports.

5.2. The Engineering and Economic Indicators of Oil Transportation by Pipeline in
the USSR

puring the past few years the major oil pipelines of the USSR have been constructed

E from large-diameter pipes (Table 5.5). Thus, whereas only 5.9 perce: t of oil pipe-
lines consisted of pipes 1,020 mm in diameter, pipes 1,020 and 1,220 mm in diameter
comprised 24.8 percent in 1976 in the total length of pipelines. Cptimum productiv-
ity was assumed when designing pipelines 1,220 mm in diameter.

Table 5.5.
(l) KoansecTso wedrenposoaoes, % ofuiedl ANOTAKEWNIOCTH. B S2BHCHMOCTR OT AHaMeTNE
Fon ™6 wme !2)
1220 [ 162 w | w0 | sw-tko
- 1965 —_ 5.9 9,9 51,3 32,9
1970 — 12.7 7.9 52,6 26,8
1975 10,3 13,6 13,1 46,6 16.4
1976 10,9 13,9 12,8 46,2 16,2
Key:
1. Years 2. Number of oil pipelines, percent of total length, as a

function of pipe diameter, mm
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The main pumping equipment of oil pipelines is centrifugal pumps of type NM (Table
5.6). The most widely used scheme is series connection of three pumps.

Table 5.6.
Fonaws, . N R ormwoc
"“m (2) u"?? LLL K(na" H;llle)% ula“cocl. xy\'(S)
3] {3} 4)
gM-IOODO-2IO 10 000 210 89 5540
- HM-7000-210 7000 210 89 3870
HM-5000-210 5000 210 88 2800
Key:
1. Pumps 4, Efficiency, percent (in water)
2. Delivery, m3/hr 5. Pump output, kW
3. Pressure head, meters 6. Nm

The engineering and economic indicators of pipeline transport of oil achieved over
- a period of 10 years are presented in Figure 5.2. The specific capital investments,
despite construction under complicated conditions, are being decreased by converting
to pipelines 1,220 mm in diameter. There is some reduction of oil pumping cost:
it decreased from 1.0 kopeck/ (10 tons-km) to 0.94 kopecks/ (10 tons-km) over 10
years. At the same time the expenditures for one ton of oil increased by 68 per-
cent with regard to the increased distance of transportation from 650 to 1,338 km,
i.e., more than twofold. Labor productivity is also increasing systematically: it
reached 15,600 tons-km/man in 1975 compared to 7,500 tons-km/man in 1965. This made
it possible to maintain expenditures of live labor to deliver one ton of oil at ap-
proximately the same level with an increase in the distance of transportation [13].

Since the number of pipeline maintenance workers is hardly dependent on pipe diam-
eter and carrying capacity, an increase of the diameter and concentration of oil
volumes are the most effective methods of increasing labor productivity.

One can expect an increase of labor productivity on USSR oil pipelines in the near
future due to the proposed increase of the average diameter of pipelines, automation
of control of pumping stations, an increase of equipment reliability, joining of
occupations of repair personnel and also construction of parallel pipelines on some
routes. : ’

The main stocks of o0il pipeline transport in the USSR and the United States in-

- creased 4.67- and 1.86-fold, respectively, during the period under consideration,
whereas the main production stocks of the countries increased 2.25- and 1.43-fold,
respectively, i.e., the development of o0il pipeline transport in the countries is
proceeding at accelerated rates and these rates are 1.8 times higher in the USSR.
Fund recovery in the USSR increased 1.28-fold during the decade under consideration,
whereas it remained unchanged in the United States. The cost of pumping oil through
pipelines in the USSR decreased by 16 percent during the past few years, while the
cost in the United States remained unchanged [15, 96, 97].
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Figure 5.2. Dynamics of Engineering and Economic Indicators of USSR Pipe-
lines: l--specific capital investments; 2--cost of pumping;
3--labor productivity; 4--metal consumption; 5--energy consumption

Key: .
1. Energy consumption, kW-ehr/(1,000 tons-km)
2. Metal consumption, tons/(million tons-km)
3. Labor productivity, million tons-km/man
4. sSpecific capital investments and cost, kopecks/ (10 tons-km)
5. Years

21l this indicates that oil pipeline transport in the USSR is not inferior to that
of the United States in rates of development. Further improvement should proceed
toward an increase of the specific weight of large-diameter pipelines, improvement
of transportation equipment and mainly of extensive introduction of remote control
and automation.

5.3. Selecting the Optimum Parameters of Oil Pipelines
a) Classification of Pipelines

Pipelines can conditionally be divided into three groups by the nature of operation
and the rates of increase of carrying capacity.

1. Major pipelines for pumping large volumes of oil from oil-bearing regions to
numerous branches operating and being constructed by oil refining plants and for ex-
port. This group may include mainly the oil pipeline system from the fields of the
Urals-Volga region and the Central Ob' region to the west and also the pipeline sys-
tems from the Central Ob' area to the east and south. These routes have a continu-
ous growth in the volume of oil due to connection of newly discovered and developed
oilfields to the major pipelines and due to an increase of needs for oil in the re-
gions being serviced. The final capacity of the system is unknown. The carrying
capacity of some sections of these pipelines is calculated according to plans for
development of individual oil fields and according to development of oil consumption
with compilation of five-year plans and planned developments for the longer term.
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2. Branches from the major pipelines to individual oil refining plants and ports.
Frequently one branch services several consumers. There is also a tendency on
these mainlines to increase the carrying capacity with regard to introduction of

. capacities at the plants serviced by them. Development of these pipelines is being
planned on the basis of the general scheme of the disposition and development of
the oil refining industry and long-term contracts for delivery of oil for export.

3. Delivery pipelines from the fields to the mainline or directly to plants. The
size and growth rates of oil volumes in these pipelines are determined by geologi-
cal reserves, the conditions of their exploitation and other factors. The main
ones among them are production indicators that predetermine the rates of exploita-
tion of the fields. Selection of the optimum parameters for these pipelines en-
counters considerable difficulties and is usually made with a lack of information.

Despite the conditional nature of this classification, it makes it possible to work
out general approaches in selection of parameters for each of the enumerated groups
of pipelines.

It is usually difficult to call the final carrying capacity for pipelines of the
first group or of their individual sections and sometimes for the second group as
well. But the principle of conversion to mainlining, which predetermines the feas-
ibility of volume concentration, operates for them. It is not excluded that paral-
lel or straightening routes of these mainlines may occur in the future, but the
general principles of their formation are stable. The engineering and economic in-
dicators of mainlines are much better than pipelines of medium and low productivity
with regard to the use of large-diameter pipes in these systems, heavy-duty pun: ing
equipment and combining of a number of facilities. The significant reduction of
specific capital investments and operating expenses justifies some lengthening of
branches to plants and other oil consumers.

Pipelines of the third group have a constant load and sometimes, which is typical
for them, a decrease of load as the fields are depleted.

b) Optimum Pipeline Productivity

The most important measures for increasing the efficiency of oil pipelines both dur-~
ing the design stage and during reconstruction is selection of the optimum distances
between pumping stations, the working pressure and pipe diameter. Moreover, a num-
ber of still inadequately studied factors must be taken into account with further
development of pipeline transport, namely: selection of the optimum carrying capac-
ity of the pipeline, distribution of the oil shipments among different types of
transport and establishing the optimum phases of increasing the carrying capacity of
pipelines.

The carrying capacity of a pipeline is established for the calculating period in the
plan and the problem of its optimization is of great practical interest. Carrying
capacity depends on a number of factors: construction conditions, the periods of

bringing the pipeline up to design productivity, the normative coefficient of effi-
ciency and so on.
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Pipelines have usually been constructed during the past few years from pipes not
less than 720 mm in diameter and major pipelines have been constructed from pipes
B 1,020 and 1,220 mm in diameter with regard to the high growth rates of oil produc-
tion and construction of oil refining plants with installations of high unit ca-
pacity (6-8 million tons/year) with 2-3. or more installations at each plant.
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Figure 5.3. Zones of Application of Pipelines 720, 820, 1,020 and 1,220 mm
in Diameter: 1, 2, 3 and 4--at En = 0.12 and under mean condi-
tions; 1', 2', 3' and 4'--at En = 0.12 and under northern con-
ditions; 1", 2", 3" and 4"--at Ep = 0.15 and under mean condi-
tions; 1"', 2"', 3"' and 4"'--at Ep = 0.15 and under northern

conditions

Key:
1. Specific reduced expenditures, kopecks/ (10 tons-km)
2. Productivity, million tons/year

The reduced expenditures for average conditions of the European USSR and the un-
favorable conditions of the swampy regions of Tyumenskaya Oblast with efficiency
coefficient of 0.12 and 0.15 are presented in the graph (Figure 5.3). All the data
were calculated for conditions of rapid assimilation of carrying capacity (2-3
years) and a constant load throughout the entire lifetime of the pipeline (30

years)
If a calculation accuracy of + 5 percent is assumed, which is very high for plan-
ning and especially preplanning calculations, we f£ind the given reduced expenditures

for pipelines 1,020 mm in diameter with productivity from 38 to 52 million tons/
year and for pipelines 1,220 mm in diameter with productivity from 65 to 80 million

tons/year.

As can be seen in the graphs, the optimum productivity with an increase of the co-
efficient of the effectiveness of capital investments shifts to the right and in-
creases from 43 to 55 million tons/year for pipes 1,020 mm in diameter and increases
from 70 to 85 million tons/year, respectively, for pipes 1,220 mm in diameter.
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An increase of specific capital investments with regard to the complicated condi-
tions of construction leads not only to an increase of reduced expenditures but
also to some variation of optimum productivity. Pipelines constructed under un-
favorable conditions (swamp or mountainous regions and so on) can be operated in
a more accelerated mode.
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Figure 5.4. Variation of Engineering and Economic Indicators of Pipeline
1,220 mm in Diameter as a Function of Distance Between Pumping
Stations: 1l--productivity; 2--metal consumption; 3-~-energy con-
sumption; 4--labor productivity; 5--depreciation deductions;
6--expenditures for electric power; 7--wages and miscellaneous
expenses; 8--cost; 9--reduced expenditures

Key:
1. Specific reduced indicators, kopecks/(10 tons-km)
2. Labor productivity, million tons-km/man
3. Energy consumption, ¥7+hr/(1,000 tons-km)
- 4, Metal consumption, tor :/(million tons-km)
5. Productivity, million tons/year
6. Distance, km

Optimum pipeline productivity is 5-8 percent higher than under average conditions
of the European USSR with a twofold increase in the cost of construction and in-
stallation work compared to average conditions and with a 1.5-1.6-f0ld increase
of operational indicators.

In practice o0il pipelines are operated at productivity considerably variable over
the perennial profile as a function of the variation of oil production level and
0il consumption by oil refining plants.

Variations of engineering and economic indicators of an oil pipeline 1,220 mm in
diameter are presented in Figure 5.4 and Table 5.7 as a function of the distances
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Figure 5.5. Dependence of Optimum Productivity of Pipeline 1,220 mm in
Diameter on Pipe Prices

1. Specific reduced expenditures, kopecks/ (10 tonsg-km)
2. Rubles/ton

3. Productivity, million tons/year

between pumping stations. As can be seen, the minimum reduced expehditﬁreé‘corre—
spond to productivity of 65-85 rillion tons/year.

Analysis of the effect of different factors of development of pipeline transport
_ and the national economy as a whole requires that a number of concepts usually
omitted from calculations to substantiate pipeline productivity and selection of

its parameters must be taken into account when selecting the calculated productiv-
ity of oil pipelines.
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Figure 5.6. Variation of Reduced Expenditures With Different Periods of
Assimilation of Capacities of Pipeline 1,220 mm in Diameter;
1, 2 and 3--with periods of assimilation of capacity of 5,
10 and 15 years and planned productivity of 70 million tons/
year; 1', 2' and 3'==with assimilation of capacity of 5, 10
and 15 years at productivity of 75 million tons/year; 1",2"
and 3"--at capacity of 5, 10 and 15 years with productivity of
80 million tons/year; 1"',2"' and 3"1--at productivity of 5, 10
and 15 years with productivity of 85 million tons/year; 3""--
at capacity of 15 years and 90 million tons;year; 4--without
regard to periods of assimilation of capacity

[Key on following page])
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Key [Continued from preceding pagel:

1. Specific reduced expenditures, kopecks/ (10 tons.km)
2, Productivity, million tons/year

Part of the pipes for construction of oil and gas pipelines is imported to the USSR
at prices that exceed domestic prices used in calculations. The variations of the
engineering and economic indicators of an oil pipeline with an increase of pipe
prices to 500 rubles/ton are presented in Figure 5.5. The optimum productivity of
a pipeline 1,220 mm in diameter at these prices is at the level of 85-90 million
tons/year. An increase of pipeline productivity leads to a saving of metal.

The calculations whose results are presented in Figure 5.3 were made without regard
to development of pipeline transport. In practice, relief of pipelines under con-
ditions of constant rates of development of the national economy usually increase

_ gradually. Construction of pipelines with greater productivity than optimum leads
to some increase of energy expenditures during the operating period under full
load. However, this permits transfer of the deadlines of measures to increase
pipeline productivity, i.e., construction of a parallel pipe of a pipeline or a re-
lief pipeline over another route, with an increase of volume. This factor is rare-
ly taken into account during planning and moreover its value is very significant in
many cases.

The variations of reduced expenditures during the entire period of reaching the de-
sign capacity of pipelines, calculated for different maximum productivity, are of
interest. The results of these calculations are shown in Figure 5.6 for pipelines
1,220 mm in diameter. The specific expenditures at calculated carrying capacities
near the optimum, for example,with productivity from 60 to 90 million tons/year for

- pipes 1,220 mm in diameter, are essentially equal during comparatively long periods
of assimilation of final capacity, for example, 10-15 years. Some increase of ex-
penditures during pipeline operation under full load is compensated for my more
favorable indicators during preceding years.

_ One of the measures to increase the efficiency of pipelines constructed under un-
favorable conditions is to increase working pressure. Thus, an increase of work-
ing pressure from 55 to 75 kgf/cm2 for a pipeline 1,220 mm in diameter with spacing
of 100 km between pumping stations leads to an increase of carrying capacity from
83 to 96 million tons/year, i.e., by 16 percent. Despite the increase in the cost
of one ton of pipe from 180 to 270 rubles due to an increase of metal strength

_ from 52 to 65 kgf/mm2, the reduced expenditures under severe construction condi-
tions decrease by 8-10 percent. The results of calculations to select the optimum
pipeline parameters upon conversion to pressure of 75 kgf/cm2 with an increase in
the strength characteristics of pipe metal are shown in Figure 5.7. Construction
of pipelines under northern conditions is economical at pressure of 75 kgf/cm2
with a moderate increase of pipe prices and with an increase of the strength char-
acteristics. 1In this case an increase of pressure is more effective for large-
diameter pipelines. Conversion to a pressure of 75 kgf/cm? is not effective in
central regions and the expenditures are essentially equalized only for a pipeline
1,220 mm in diameter. Conversion to pressure of 75 kgf/cm2 essentially vields no
improvement of engineering and economic indicators with a significant increase of
pipe prices with improvement of metal quality.
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Table 5.7.
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RECOCHBIMH CTBHLLHARM, KM
100 | ) | 50
MeTp, MM
CRENENE ) m | 12 1020 820 720
27 20 94 58 33 23 123 76 43 30
6,9 7.3. .| 4.5 5.0 65,7 6,4 3.4 3,9 4.3 4,9
20,0 | 20,0 25,0 25,0 25,0 25,0 4 40 40 40
4,1 4,9 2,5. 3,0 3,7 4,4 2,6 2,6 3.3 4,0
0,56 0,62 0,56 0,68 | 0,64 0,69 0,77 0,78 0,85 0,91
1,06 1,20 0,86 0,94 1,08 1,22 1,07 1,10 1,25 1,329
23 17 64 40 22 16 60 37 21

Key:
1. Indicators
2. Distance between pumping stations, km
3. Diameter, mm
4., Productivity, million tons/year
5. Metal expenditures, tons/ (million tons-km
6. Energy consumption, kW hr/ (100 tons-km)
7. capital investments, kopecks/ (10 tons-km)
8. Operating expenses, kopecks/ (10 tons-km)
9. Reduced expenditures, kopecks/ (10 tons-km)
10. Labor productivity, million tons-km/man

Operating expenses have a significant effect on the optimum productivity of pipe-
lines constructed under severe conditions. The structure of operating expenses for
pipelinus 1,020 mm in diameter operated in the mid-zone of the USSR is presented

in Table 5.8.

B Depreciation deductions usually comprise 40-50 percent of total operating expenses
with distance of 100-160 km between pumping stations. An increase of construction
costs, for example, a twofold increase, leads to a 40-50 percent of operating ex-
penses. Laying the pipeline in an aggressive medium may also significantly
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increase operating expenses by 40-50 percent due to depreciation deductions. Spe-
cific depreciation expenditures also increase with incomplete loading of the

pipelines.
- Table 5.8,
Pacctomme ._,52) (3) B Tom meae. % g
- Mexay Hacoc- SRCnAY
(1)"""" cran- KOR/(I0 T-xa0) c mmr‘a4) o oTmCAeHIN
ORI, KM oy (5) o (6) prioinnd "
50 0,784 3.3 76,6 20,2
80 0,582 3,8 67,0 29,2
100 0,501 4,0 59,9 36,1
160 0,414 3,9 45,6 50,6
320 0,385 3,1 24,2 72,7
Key:

1. Distance between pumping stations, km
2. Operating expenses, kopecks/(10 tons<km)
3. Including, percent

4. Wages with bonuses and so on

5. Electric power

6. Depreciation deductions and repair

The cost of pumping o0il through pipelines and their optimum productivity are con-
siderably dependent on the cost of electric power. The optimum productivity of
pipelines at average rates for electric power is achieved in most cases with dis-
tance of 80-100 km between pumping stations. Expenditures for electric power com-
prise 40-50 percent, while they comprise 60-70 percent in regions with higher rates.
In regions with inexpensive electric power, the optimum productivity is 5-8 percent
higher than that presented in Table 5.8. Thus, in regions with inexpensive elec-
tric power, for example, in Eastern Siberia where electric power plants operate on
coal from the Ekibastuz and Kuznetsk basins, more accelerated use of pipelines is
feasible. The operating expenses to pump oil may vary as a function of local con-~
ditions over a rather wide range, but one should not expect an increase of them by
more than 1.0 kopeck per 10 tons.km, except pipeline sections laid under the most
unfavorable conditions.

The data given above indicate that the degree of pipeline intensification should
be resolved as a function of local conditions and primarily as a function of con-
struction cost, expenditures for electric power to drive pumping units and common
trends of development of the system if there is a need to increase the effective-
ness of capital investments and for accelerated development of the country's
economy .

Taking all the factors considered above into account that indicate the feasibility
of accelerated use of pipelines of the first and second groups under full load with
design of new pipelines, the disposition of pumping stations should be taken so
that the productivity for pipelines 820 mm in diameter be 25-27 million tons/year,
that for pipelines 1,020 in diameter be 48-55 million tons/year and that for pipe-
lines 1,220 mm in diameter be 85-90 million tons/year.
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Figure 5.7. Zones of Application of Pipelines 720, 820, 1,020 and 1,220 mm
in Diameter: 1, 2, 3 and 4~-for all diameters at pressure of
56 kgf/cm2, steel strength of 56 kgf/mm2 a..w« under average con-
ditions; 1', 2', 3' and 4'--the same under northern conditions;
1", 2", 3" and 4"--the same at pressure of 75 kgf/cm2, steel
- strength of 65 kgf/mm2 and under average conditions; i, 2",
3" and 4"'~-the same under northern conditions :

Key:
1. sSpecific reduced expenditures, kopecks/ (10 tons-km)
2. Productivity, million tons/year

¢) Optimum Phase of Increasing the Carrying Capacity of Pipelines

Those measures which would provide a reserve of carrying capacity for a specific
period can be designated to increase the carrying capacity of single-pipe pipelines
or systems of several pipes having constant growth of o0il volume. At En = 0.12,
this period is usually equal to 8-10 years and at Ej = 0.15 it is usually equal to

5-7 years.
Table 5.9.
K . Tipupegesmbie saTpavh, Man. py6., E,
Yacao m;rlzcumu. " m.:nn:m;u. (3) TH, M. YO, TP Ty
(1) | gy ™o, 0,08 0.12 ) 0,15
- 11220 313 1764 1353 1142
1¢820; 11020 . 176 2032 1501 1225
11020; 1820 260 1847 1395 1160
3820 176 1872 1391 1142
Key:

1. Number of pipes of pipeline, diameter, mm
2. Capital investments for first year, million rubles
3, Reduced expenditures, million rubles, at Ep

144

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FOR OFFICIAL USE ONLY

The results of calculating expenditures to increase the carrying capacity of a
pipeline to 90 million tons/year over a period of 15 years by implementation of

- various measures: laying a single-run pipeline 1,220 mm in diameter and develop-
ment of a two-run system of pipelines 820 and 1,020 mm in diameter and a three-run
system of pipelines 820 mm each in diameter at Ep = 0.08, 0.12 and 0.15, are pre-
sented in Table 5.9.

It is obvious from the data of Table 5.9 that construction of large-diameter pipe-

- lines requires large initial capital investments. However, the reduced expendi-
tures at Ep = 0.12 or 0.15 are essentially equal for all versions except that
which provides for construction of pipelines 820 mm in diameter and a second run
1,020 mm in diameter.

Construction of a single-run pipeline with reserve carrying capacity of 15 years is
more advantageous at coefficient Ey = 0.08.

Tt should be noted that, although formation of pipeline systems from several runms
requires greater capital investments and more metal, they can be dispersed over
time, which is one of the methods of increasing the effectiveness of development
of the national economy.

Pipelines whose calculated capacity is utilized after being put into operation,
within approximately 5-7 years at En = 0.15, 7-11 years at Ep = 0.12 and 12-15
years at Ep = 0.08, have minimum reduced expenditures.

Obviously, it is desirable to lay large-diameter pipes for convenience of construc-
tion and operation since this reduces the number of pumping stations and advances
the periods of redeployment of construction organizations. At the same time rapid
introduction of a second and subsequently a third run of pipeline sharply increases
the operating reliability, increases the flexibility of the system and permits
parallel pumping of oil or petroleum products of different marks at relatively

low capacities of tank depots.

The normative coefficient Ep is now taken at not less than 0.12. The effectiveness
of capital investments in development of pipeline transport is very high--consider-
ably higher than in a number of other sectors of the national economy. This de-
termines the accelerated development of pipeline transport and contributes to im-
provement in the structure of the energy balance.

Based on the foregoing, one can orient oneself to a reserve pipeline capacity cal-
culated at 7-11 years of operation. However, in some cases, even with a high value
of Eps it is feasible to increase the reserve carrying capacity of pipelines. This
is primarily true of pipelines laid under especially unfavorable conditions where
the specific weight of construction and installation work in total capital invest-
ments is high.

This is also confirmed by the worldwide experience of construction and operation
of pipelines. The parameters and periods of assimilation of calculated capacity
vary as a function of the conditions of available credit and the complexity of con-

struction operations. Thus, the Southern European pipeline introduced in 1962 had
a load of only 80 percent of the calculated load by the 50th operation. The use
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of the calculated capacity at some other pipelines in Western Europe and the

United States proceeded at approximately the same rates. The trans-Alpine pipeline
laid under severe topographic conditions, partially in special tunnels, has a re-
serve carrying capacity for a very long period--it is planned to reach its full
productivity only by the l4th-15th year of operation.

The volume of oil being pumped increases intermittently in most pipelines of the
second group as primarily oil refining plants become operational. This determines
the selection of pipeline productivity and the phases of development. For example,
if oil consumption by an oil refining plant should increase every 7 years, a pipe-
line with productivity can be developed with regard to an increase every 7 years.
In this case pumping stations are put into operation as the oil volume increases.
A further increase of volume with expansion of the plant can be achieved by con-
struction of loopings or the next continuous run. Construction of a pipeline to
total calculated capacity to support a group of plants is also feasible if it is
planned to reach this capacity during the 7th-1lth year after the beginning of
operation. Expenditures to redeploy construction organizations and miscellaneous
expenses should be considered when selecting the optimum phases of pipeline
development.

One can cite as an example the phases of development of a pipeline 530 mm in diam~-
eter and 700 km long with a single pumping station and with carrying capacity of
2.0 million tons with an increase of oil volume every two years of 5, 7, 10, 14 and
17 million tons each, i.e., at growth rates of approximately 1.5 million tons/year.
The diameter of the laid second run or looping is 630 mm (Table 5.10).

Table 5.10.
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Key:
1. Phases of development of carrying capacity
2. Technical state of pipelines with volume, million tons/year
3. Number of runs
4. Pumping stations
5. Length of loopings, km
6. Total reduced expenditures forcalculated periods, million rubles
7. Introduction of pumping stations (NS) and construction of loopings (L)
8. Introduction of pumping stations, construction of loopings and second run
9. Introduction of pumping stations and construction of second run
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The least total expenditures are calculated for the first version--construction of
loopings. Construction of loopings in two phases 290 and 540 km long is more
feasible than laying a second run or short loopings and then bringing them up to

a continuous second run. The difference in expenditures in construction of loop~
ings in two phases and a continuous parallel pipeline is very significant--10 per-
cent of reduced expenditures (over a calculated period of 20 years). However, to
select measures for increasing the carrying capacity during the last phase (when
the length of the loopings is close to that of the pipelines), it may be that a
continuous second run of pipeline should be constructed instead of extending the
loopings with regard to the actual expenditures to redeploy the construction or-
ganizations, due to losses from shutting down the pipeline to cut in loopings and

other losses. The carrying capacity in this case will provide an increase of vol-
ume for another 5-€ years.

Loopings 630 mm rather than 530 mm in diameter (the diameter of the first run) can
be laid at the volume growth rates under consideration. The carrying capacity of

a second run of this diameter creates a reserve capacity during phased construction
for optimum periods. If a pipe of smaller diameter is laid (equal to the diameter

of the first pipeline or less than its diameter), an optimum period of reserve

capacity can be achieved only with construction of a long looping or of a continu-
ous pipeline immediately, which is less economical.

This remark refers to routes with fully stable volume growth rates adopted in the
calculations. If the increase in volume is slower, phased lengthening of loopings
may still be more effective and on the contrary accelerated conversion to a con-
tinuous second run of pipeline and an increase of its diameter is more feasible at
higher volume growth rates. Laying loopings makes it possible to use a larger
value of diameter for the construction, having thus provided an improvement of the
engineering and eccnomic indicators of the system by performing work on continuous

laying of pipe in two or three phases and consequently increasing the effectiveness
of capital investments.
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Figure 5.8. Engineering and Economic Indicators of Pipelines During Con-
struction Period: l--capital investments of pipeline No 1 (in-
creasing total); 2--capital investments of pipeline No 2; 3--
productivity of pipeline No 1; 4--productivity of pipeline No 2;
5--cost of pipeline No 1l; 6--cost of pipeline No 2

[Key on following page]
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Key [Continued from preceding page]:

1. Productivity, million tons/year 3, Cost, kopecks/ (10 tons-km)
2. Capital investments, million rubles 4. Years of construction

The characteristic feature of pipelines of the third group is the dependence of
their load on the scheme for exploitation of fields, coming up to a stable produc=
tion level and the operating period at the level achieved and in the declining
production mode. The problem of the parameters of the pipeline being laid and the
scheme for intensifying it can be solved in the presence of relatively reliable
data on reserves as a function of the planned rates of exploitation of fields. if
an increase to a stable production level over a period of 6é-7 years is planned,
then a pipeline can obviously be constructed immediately for the calculated capac-
ity with an increase of productivity within this period by construction of pumping
stations. If the period of development of the field is longer, a version of lay-

- ing a pipeline with smaller diameter than is required for maximum volume must be
considered, with subsequent construction of a second run or loopings.

If fields with insignificant ressrves or unfavorable conditions of exploitation
are being developed, the oil volumes are frequently insignificant and increase
slowly. These volumes, especially during the first phase of exploitation of the
fields, can sometimes be assimilated by rail transport. Pipelines are laid during
the first phase of assimilation only up to the nearest railroad.

An increase in the efficiency of pipeline transport and a reduction of expenses
over the country's trangportation system as a whole can be achieved by correct
establishment of the periods of introducing pipelines constructed in regions with
a developed railway system. This is primarily related to cases of developing

- fields with initial transportation of oil by rail.

- The engineering and economic indicators of construction (capital investments) and
operation (volume of pumping and operating expenses) for two pipeslines with cal-
culated carrying capacity of approximately 7 million tons are presented in Figure
5.8.

Pipeline No 1 was constructed over a period of 10 years; approximately 25 percent
of capital was invested during the first 5 years-~the first section was constructed
and pumping of 1.5 million tons of 0il was begun. During the next two years the
pipeline was constructed over the entire length but without intermediate pumping
stations, and these were constructed over a periocd of 3 more years. The design
capacity and calculated cost indicators were achieved only by the 1l0th year of
operation. The pipeline was laid aiong a railroad, for which the actual expenses
for shipping petroleum products comprised 1.8-2.0 kopecks/ (10 tons-km). Thus, a
saving of total expenditures on the transportation system not only was not achieved
but on the contrary capital investments increased until the eighth year after the
beginning of construction and the fifth year from the beginning of operation of the
pipeline.

The inefficiency of this construction is also aggravated by the fact that the rail-
road had the required reserve carrying capacity and the volume of pumping during
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all the years of construction comprised no more than 4-5 million tons/year, which
is acceptable for rail shipments.

A second example: pipeline No 2 and part of the pumping stations were constructed

- over a period of 3 years, the remaining pumping stations were completed by the
fifth year of operation, pipeline productivity of 5.0 million tons was achieved
and the cost of pumping the oil comprised 1 kopeck/ (10 tons-km), which is consider-

- ably lower than the cost of transporting the oil by the parallel railroad. How-
ever, even in this case it was possible to improve somewhat the engineering and
economic indicators by introduction of pumping stations parallel to introduction
of the line part, which would make it possible to begin operation of the facility
with specific expenditures less than on rail transport.

Thus, pipelines with relatively low productivity, laid along railroads, must be
constructed during the shortest possible periods and with their being put into op-
eration at a load which provides operation at reduced expenses less than during
shipments over the parallel railroad.

d) Further Improvement of Pipeline Efficiency

A further increase in the efficiency of pipeline transportation of oil is possible
by reducing the viscosity of o0il and consequently by increasing the carrying capac-
ity of pipelines with their characteristics remaining fixed.

Heating of paraffin oils to 50~60°C, i.e., to a temperature at which their viscosity
is reduced, is now widely employed. However, the pipelines must be coated with es-
pecially strong anticorrosion insulation at such high temperatures to avoid rapid
corrosion [75].

Proposals are now being advanced to heat non-paraffin oils to reduce their viscosity
and to increase the productivity of pipelines.

Heating oil being pumped to 30-40°C requires no special insulation of pipelines.
The viscosity of the oil in most fields is approximately one-half that at 30-40°C
than at 5-10°C. However, if the oil temperature reaches 30°C while being pumped
into a pipeline, it drops to 10°C within 500-600 km. Therefore, the temperature
of the oil being pumped must be maintained over the entire length of pipelines at
a level approximately equal to the temperature when it is pumped into the pipeline
and heating along the pumping route is possible for the oil of some fields.

A decrease in the viscosity of oil being pumped permits an increase of the carrying
- capacity of pipelines. Thus, reducing viscosity by 50 percent leads to a 15-20
- percent increase of productivity, all things being equal.

study of the conditions of laying oil pipelines in permafrost soils is now of im-
portant significance with regard to discovery of oilfields in the northern regions
of the USSR. If the characteristics of oil permit it to be cooled to negative
temperatures close to 0-2°C without a sharp increase of viscosity, the problem can
be solved rather easily without great difficulty by cooling and pumping the oil at
temperatures equal to soil temperature.
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Technological solutions of pipeline transport under permafrost conditions and

swamped depressions for oil containing a considerable quantity of paraffins and

other substances that lead to an increase of viscosity with a reduction of temper-
- atures close to 0°C require the most serious study.

The experience of constructing the trans-Alaskan heat-insulated pipeline, located
on cooled pilings, if it can be considered successful, then only for a large-
diameter pipeline (1,220 mm) with high carrying capacity of 90 million tons/year,

. since the use of these engineering decisions for small- and medium-diameter pipe-
lines and productivity leads to high expenditures. One of the promising directions
for pumping oil under permafrost conditions may be pumping gas-saturated oil.

The experience of pumping gas-saturated oil (saturated with methane, propane or
butane) through a pipeline shows that its viscosity decreases up to one tenth. The
experience of pumping oil with paraffin content up to 9 percent showed the possi-
bility of operating a pipeline at low temperatures without heating the oil. How-
ever, it became necessary to develop special equipment and fittings due to forma-
tion of gas plugs.

Moreover, a pipeline system must be developed that operates at pressure which pro-
vides gas saturation of the oil in a volume sufficient to prevent formation of a
structural lattice, an increase of viscosity and shear resistance.

A reduction of oil viscosity to a level that provides pumping at temperatures
close to 0°C can be achieved by using additives. However, the use of additives
requires expenditures that exceed those when oil is heated; therefore, a search
must be made for inexpensive additives that provide the required effect at insig-
nificant expenditures.

5.4, Storage of Oil and Reservation of Oil Pipelines

The presence of oil reserves in fields near consumers and at ports for transferring
oil to tankers and removing oil from tankers at some pipeline pumping stations is

a compulsory condition for normal functioning of the entire oil production, trans-
portation and refining system. If pipelines are designed according to existing
standards, capacities are provided for storage of oil at the main pumping station
and at intermediate pumping stations {every two or three). Additional capacity,
which is established by the schedule for pumping different grades of oil, is re-

- quired for sequential pumping of oil of different grades.

- special attention is given to the problem of creating oil depots in oil-importing
countries.

Construction of depots that provide oil reserves for 90 days is provided in many
industrially developed countries.

Underground oil depots which are constructed in rocky soils have become widespread
in Finland, Norway and Sweden. The volume of underground depots in these countries
reached approximately 50 percent of the total volume of oil depots in 1970 and it
is planned to bring the volume of underground depots to approximately 70 percent
with regard to the increased prices for steel by 1980 with a more than 2.5-fold
increase in the volume of depots.

150

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FOR OFFICIAL USE ONLY

The economic effectiveness of using underground depots instead of surface depots
with metal tanks depends on their capacity. With a capacity of 32,000 m3, the
costs for surface and underground storage are approximately equal and comprise
approximately 20 dollars per cubic meter, with capacity of 64,000 m3, the costs

for underground storage decrease to 15,70 to 16.40 dollars and with surface storage
they increase to 20-20.70 dollars and with capacity of 96,000 m3 and above, the
costs are 13.80 to 15.10 and 19.70 to 20 dollars per cubic meter, respectively.

Depots are being constructed in the United States in granites, shales and lime-~
stones, in France they are constructed in chalk deposits and limestone and in West
Germany they are being constructed in gypsum, limestone, sandstone, dolomite,
basaltic lava and in shales. Rock in which underground depots can be developed
should be strung without installation of intermediate supports.

Construction of oil depots in salt beds and in caverns formed by dissolving salts
with water and pumping the saline solution through pipes has become widespread.

0il is extracted from these depots by filling them with brine. Ponds having capac-
ity approximately equal to that of the depots are being constructed for the brine
pool.

The design of 14 underground oil depots in salt beds with total capacity of approx-
imately 9.0 million m3 has been developed in the United States and oil will be
pumped into them from tankers unloaded near floating docks. It is planned to de-
velop the depots at a depth of 500 meters. Each depot is 70 meters in diameter and
225 meters high. A special tank with capacity of 2.4 million m3 is being developed
to store the saline solution. Expenditures for underground storage in salt beds
comprise 18 dollars per cubic meter, which is lower than expenditures for ordinary
surface tanks, which comprise 40 dollars per cubic meter (38, 50].

Construction of reserve depots with total capacity of 35 million m3 was begun in
West Germany after a law was adopted to create a 90-day reserve of 0il and petroleum
products. A total of 700 tanks covering 14 km2 of area and expenditures of 1.2
billion dollars would be required to construct surface tanks having capacity of
50,000 m3 each for the required volume of oil.

Development of depots of the required volume in salt beds requires only one-third
the costs required to construct surface tanks, i.e., approximately 7 dollars per
cubic meter.

Development of depots in worked-out mines is effective. Thus, the cost to develop
a depot on Bell Island near Newfoundland with capacity of 14 million m3 of oil
comprised 1.13 to 1.7 pounds sterling per cubic meter (compared to 31.4-44.0 pounds
sterling per cubic meter for surface depots). The largest depot with capacity of
5.0 million m3 was created in 1972 in France in a worked-out iron-ore mine.

Formation of caverns by nuclear explosions in the soil under the sea bed at a dis-
tance of approximately 70 km from shore was investigated in France to create a
depot with capacity of 11.13 million m3. This location of the depots was caused

by the high population density of the coastal area and by the presence of archi-
tectural monuments.
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Detonation of 12 charges of 250 kg each would be required to create this storage
area. The rock would evaporate and caverns would be formed at these high temper-
atures. The caverns could be opened approximately 6 months after the explosion
and cleaning could begin.

Engineering and economic comparison of storage areas under the sea bed, produced
by nuclear explosions, with depots of other types is carried out below:

Storage area formed by nuclear explosions . _ 9.5 dollars/m3
Storage area in salt beds 15.7 dollars/m3
Storage area with the need to build a tank for
storing the brine solution 22.0 dollars/m3
- Metal surface tanks 31.4 dollars/m3

Surface oil and petroleum product depots of metal tanks with capacity up to
50,000 m3 and oil storage areas of submerged reinforced concrete tanks with capac-
ity up to 50,000 m3 have become widespread in the USSR. The engineering and
economic indicators of metal tanks and storage bases with total capacity up to
500,000 tons are presented in Chapter 6. The engineering and economic indicators
of submerged tanks of precast concrete are presented in Table 5.11.

Table 5.11.
(2 ). Hommiantitift .oﬂseu. u
(1) Moosrem 5000 o0 | 2000 | 30000
Monesnuh o6ven, w? €3) . . . . . .| 5067 | 10020 | 19985 | 29300
Brcora, M (4) . . . . . . . . . 7.4 8,2 9,0 9,6
Jluauerp, 4 29,6 42,0 54,0 66,0
Yaenvuuft pﬁclm menesoberons na | n nones.
Horo o6nema, MY (6) 0,07 0,06 0,05 0,04
Yaeavuufi  pacxon uennna. ur/n' noaesnoro
obnema (7). . .| 6,08 6,38 4,32 4,2
YnenvHas CTOHMOCTL 1 u’ nonesnoro oﬁ-beua,
pyé.(8) - . . . . . . . 5,66 5,5 4,23 4,44

Key:
1. Indicators
2. Nominal capacity, m3
3. Useful capacity, m
4., Height, meters
5. Diameter, meters
6. Specific consumption of reinforced concrete per ‘cubic meter of useful
capacity, m
7. Specific consumption of metal, kg/m3 of useful capacity
8. Specific cost of one cubic meter of useful capacity, rubles

According to the data obtained, the metal consumption of submerged reinforced con-
crete tanks is one-fourth to one-fifth that of vertical metal tanks, but the former
require 60-70 percent greater capital investments. Moreover, the cost to construct

152

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FOR OFFICIAL USE ONLY

large-capacity oil storage areas in salt beds by dissolving the salts and pumping
out the saline solution, according to foreign data, are lower by a factor of 1.5-
3.0 than metal tanks, and the indicators are especially favorable when worked-out
mines are used for storage. Even construction of underground storage areas in
rock yields more favorable results than the use of surface metal tanks. It should
also be taken into account that underground oil storage areas do not require ex-
cavation of large sections of earth and are incomparably more favorable in the
fire-hazard sense.

Detailed geological study of the region of location and determination of the
possibility of using worked-out mines or caverns in salt beds for oil storage or
creation of storage area in rock by excavating them by modern tunnelling methods

that have been well developed by domestic construction organizations are required
when solving the problem of constructing oil storage depots.
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Chapter 6. Tramsport of Petroleum Products

[Text] 6.1. Development of Petroleum Product Transportation

Supply of numerous consumers dispersed throughout the USSR with petroleum products
is a complex problem in which all types of transportation participate and inter-
act closely. Petroleum products are now delivered from oil refining plants to
consumers usually by two or three types of transportation with transshipment from

one type to another at oil storage and distribution centers.

The total volume of shipment of petroleum products with regard to shipment of

petroleum carried out by general-purpose transportation is presented in Table 6.1

(12, 52].
Table 6.1.
(1) Tpysonotox, . T (9 (3) Frysoofiopor, wm. T-M
Tpsne popr
: 1965 1970 1978 1906 wo | 1
Keneano, 4()43muun . 222,2 302,8 389,0 280,4 -363,9 81,4
Peunoft S.f L. 25,0 33,6 39,0 27,8 33,0 39,1
TpyGonporonnuihi (6). - 20,4 25,3 39.4 17,6 21,9 27,0
Key:
1. Transport 4, Rail
2. Freight traffic volume, million tons 5. River
3. Freight turnover, million tons-+km 6. Pipeline
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As can be seen, petroleum products are transported mainly by railroads. The frac-
tion of shipments of petroleum products in the total freight turnover of railroads
comprised approximately 15 percent in 1975, Shipment of petroleum products by
rail is a complex problem with regard to the concentrated nature of loading pe-~
troleum products at terminals of oil refining plants and the significant freight
traffic volume of petroleum products over the more loaded routes.

Engineering and economic analysis of the efficiency of using various types of
transport to deliver petroleum products to consumers shows that the established

= structure of transportation of this type of freight is not optimum. There are
reserves both in the area of changing the distribution of shipments by types of
transport and in the technical parameters of transportation equipment used to ship
petroleum products.

The use of various types of transportation and shipping schemes is determined to
a significant degree by the physical properties of individual petroleum products.

Fuel oil and viscous petroleum products are usually transported by rail and river
transport. Pumping through pipelines in the heated state due to high viscosity
at temperatures below 40-70°C is employed only between plant shops. Problems of
heat insulation of the pipeline and heating by laying a special heater pipeline
alongside or inside the main pipeline or using another petroleum product to force
the fuel oil from the pipeline that does not congeal when temperature is reduced
in the case of a planned or unforeseen shutdown of the pipeline and the danger of
congealing of the fuel oil in it must be solved to pump fuel oil over long
distances.

Naval fuel oil is produced in relatively small quantities and delivery of it to
consuming points--ports--by rail is usually economically justified. When the
plants are located near the ports, the use of water transport is possible.

Asphalt, coke and other hard or especially viscous final oil-refining products can
essentially be transported by rail with subsequent hauling by trucks and over
short distances by motor transport directly from the oil refining plants to con-
sumers. Especially rigid requirements are placed on preventing its contamination
by other types of petroleum products or foreign impurities during transportation
of aviation kerosene. Because of this, the problem of transportation through
pipelines with subsequent pumping together with other petroleum products has not
yet been resolved. Under these conditions the main type of transport of aviation
kerosene is rail transport with delivery of it in tank cars directly to the unload-
ing platforms of the oil storage and distribution centers of airports or with par-
ticipation of motor transport when small airports having no railroad access tracks
are being supplied with fuel. In some cases pipeline transport that connects the
airport to the oil refining plants or to rail depots is employed to supply especi-
ally large airports with aviation kerosene.

0ils and individual fractions used as raw materials for the chemical industry and
produced in relatively limited gquantities are usually transported by rail and
partially by river transport. The volumes of these products usually do not justify
the use of pipeline transport for them.
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Diesel fuel and various marks of gasoline permit sequential pumping through a
single product pipeline and the problem of developing a system of product pipe-
lines for transportation of them and switching shipments from rail to other types
of transport is one of the timely problems for further improvement of the country's
transportation system.

Serious difficulties are encountered when analyzing the effectiveness of developing
the transport of petroleum products due to the instability of transportation and
economic ties and variation of the range of consumers serviced by individual oil
refining plants.

During the first phase of development of the oil refining industry in the USSR,
the plants were usually located directly in the oil-producing regions. Plants were
constructed during this period in the trans-Caucasus, the Northern Caucasus, the
Volga area and Bashkiriya. Stable volumes of petroleum products from these plants
to the west and east of the country were established. Product pipelines of com-
paratively high productivity were constructed for part of them and operation was

- profitable. These pipelines include the Tuymazy-Omsk, Kuybyshev-Bryansk-Mozyr',
the Groznyy-Trudovaya and a number of other pipelines. However, a large part of
the products of these plants were still hauled by rail and water transport over
considerable distances.

- The oil refining plants subsequently began to be located directly in the consuming
regions as the specific weight of liquid fuel in the country's fuel balance in-
creased and as conditions were created for development of pipeline transport of
oil.

Plants have already been constructed at Irkutsk, Omsk, Polotsk, Lisichansk,
Kremenchug and a group of plants in the central regions of the country (Gor'kiy,
Ryazan', Yaroslavl' and Moscow) and also at Achinsk, Pavlodar, Chimkent, in the
Baltic area and other western regions of the country. All this changed the pre-
viously established transportation and economic relationships of petroleum prod-
ucts and led to a decrease of the load of a number of oil pipelines, primarily
those intended to supply the country's eastern regions with petroleum products
where plants began to be constructed at accelerated rates to refine the oil from
Western Siberia. Construction or development of oil refining plants in the con-
suming regions leads to a further dispersion of production and reduces the trans-
- portation distance of the main petroleum products and changes the transportation
and economic relationships for these types of goods.

Along with the general trend of construction of new plants in consuming regions
due to different factors, there are still cases of consolidation of existing plants
located in the Volga-Urals region [8) with an increase of the shipping distance of
petroleum products.

A tendency to intensify oil refining by using secondary methods of recovery that
ensure production of fuel oil from light petroleum products has been planned dur-
ing the past few years with regard to the large increase of oil prices on the

worldwide market [8, 12] and the need to conserve oil for use as a raw material
for the chemical industry. Development of these trends naturally leads to
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pre-equipping of existing plants to intensify refining of oil and to increase the
output of light petroleum products and may postpone the periods for introducing new
plants in consuming regions.

At the same time the variety of petroleum products (the number of brands of gaso-
line and diesel fuel and so on) is increasing continuously. Capacities are being
- introduced to produce some types of petroleum products at different plants on a
continuing basis, which leads to shipments of newly developed products over long
distances to the zones serviced by other plants. This process is also dynamic.
- The variety of products produced by a plant increases as each plant is developed
and the average shipping distance is reduced.

Moreover, the density of consumption of petroleum products throughout all regions
of a country developed in the industrial or agricultural sense increases.

These contradictory trends make it extremely difficult to plan the development of
petroleum product pipelines. However, despite the difficulties, the main condition
in all cases when substantiating the routes and selecting the productivity or
growth rates of the load of one or another product pipeline is sufficiently full
use of its capacity during the operating period close to the depreciation period.

Otherwise, consideration of a shorter depreciation period or increased expenditures
when operating a pipeline with reduced load are required when determining the effi-
ciency and upon comparison with other types of transport [8].

It should be noted that the characteristic features of the location of oil refin-
ing plants had a significant effect on development of the product pipeline system
in the United States [94, 95]. Refining of a considerable part of the oil (approx-
imately 60 percent) produced in the country is concentrated in several regions,
from which the petroleum products are delivered by pipeline and inexpensive water-
ways to consuming regions. This explains the wide development of the petroleum
product system in the United States: approximately 113,000 km in 1977. Petroleum
products are hauled by motor transport over short distances and the latter is used
extensively to transport petroleum products that have already come into the consum-
ing region and handled in the large plant system of relatively low productivity

(up to 6 million tons of refined oil annually), which have been partially operating
during the past few years on imported oil.

The specific weight of different types of transportation in the total volume of
shipments of petroleum products in the United States were as follows during the
past few years: 36.0 percent by pipeline, 22.6 percent by water, 39.4 percent by
motor transport and 2.0 percent by rail. Waterways operating in most transporta-
tion and economic ties year-round or with comparatively short interruptions between
navigation systems and motor cransport with delivery of petroleum products in most
cases directly from the oil refining plants to consumers play the decisive role in
shipment of petroleum products.

The diameter and carrying capacity of product pipelines in the United States is
usually low: the average productivity of product pipelines is approximately 1.5
million tons/year. This is explained to a significant degree by the competition of
companies by which parallel product pipelines have been constructed on a number of
routes.
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6.2. The Effectiveness of Using Different Types of Transportation of Petroleum
Products

The basic direction for developing the petroleum industry with disposition of
plants in consuming regions and expansion of the nomenclature of petroleum prod-
ucts produced at each plant leads to gradual contraction of the region serviced
by one or another plant and a reduction of the distance of transportation of
petroleum products.

When considering the problem of transportation of petroleum products, one must
take into account the significant changes expected in the structure of the coun-
try's truck fleet. Startup of the Kama Motor Vehicle Plant will make it possible
to outfit the motor fleet with tank trucks having capacity of 15-16 tons with semi-
trailer and 23-24 tons with semitrailer and trailer. Since the characteristic
feature of these trucks is a load restriction of 6 tons on the axle, this permits
operation of them over highways of lower categories and provides shipment of
petroleum products into interior regions directly to consumers without intermediate
handling, forcing out short-run rail shipments of petroleum products and expanding
the sphere of motor shipments of them throughout the country as a whole.

The rates of development of the highway system contribute to development of motor
shipments of petroleum products. Among the highways accounted for by TsSU [Central
Statistical Administration) [30] with total length of 1.4 million km in 1975,
660,000 were paved, including almost 300,000 km of cement-asphalt and oil tar
highways. The length of paved highways increased by 149,000 km during the period
1970-1975. A diagram of the developed highway system mainly reflects administrative
and economic ties. Oblast centers are linked to rayon centers, rayon centers are
linked to central farmsteads of kolkhozes and sovkhozes and the latter are linked
to the farmsteads of individual brigades. Some rayon centers and central farm-
steads of kolkhozes and sovkhozes are linked by highways to nearby railroad
stations.

The layout of consumer supply with petroleum products under current conditions is
as follows.

Diesel fuel consumers (mainly sovkhozes and kolkhozes) are located on the entire
territory of the region. Fuel is transported from the transshipping centers of
Goskomneftesnab [Expansion unknown] usually located at railroad stations. In this
case the maximum shipping distance (most remote individual consumers from the rail-
voads) rarely exceeds 70-80 km in regions with developed agricultural production
and comprises an average of 25-30 km. In some cases there are distribution or re-
mote centers of Goskomneftesnab in remote agricultural regions to which petroleum
products are shipped by motor transport from the main centers. The consumption of
diesel fuel will increase at urban construction sites as the truck and bus fleets
and construction machinery are converted to diesel fuel.

The consumption of gasoline is concentrated mainly in the cities and suburbs where
the greater part of motor shipments are made. Motor shipments related to servicing
of agriculture and intercity shipments comprise a smaller part of the total ship-
ments carried out in the national economy. Automobile filling stations are also
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supplied with fuel by motor transport from centers of Goskomneftesnab located
primarily at railroad stations.

The transshipping basis of Goskomneftesnab are also located on the banks of navi-~
gable ports. Fuel is delivered to these centers by water transport. Fuel is de-
livered by short pipelines (loops) to centers located near oil refining plants or
near the routes of truck product pipelines. However, light petroleum products are
mainly shipped to centers of Goskomneftesnab by rail.

Thus, the following scheme of supply of mass consumers with light petroleum prod-
ucts has been traditionally established: plant=-railroad-petroleum storage and
distribution center of Goskomneftesnab-motor transport-£filling station (sovkhoz
and kolkhoz warehouse)-consumer (Figure 6.1, a). Pipeline transport can effect-
ively replace rail shipments of petroleum products from oil refining plants to
transshipping and distribution centers in this scheme and motor transport can ef-
fectively replace rail shipments with delivery of fuel from centers near railroads
to centers located in remote agricultural regions.
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Figure 6.1. Typical Schemes of Petroleum Product Transportation: 1l--oil
refining plants; 2-~o0il product pipeline; 3--railroad; 4--trans-
shipping center of Goskomneftesnab from pipeline to railroad and
to motor transport; 5--center of Goskomneftesnab; 6--branches to
interior centers of Goskomneftesnab; 7~-motor transport of pe-
troleum products from plants to consumers

The following scheme (Figure 6.1, b) may subsequently become widespread with an

- increase in the number of oil refining plants and mainly saturation of the coun-
try's truck fleet with large~capacity trucks: center of Goskomneftesnab at oil
refining plant-motor transport-filling station (kolkhoz or sovkhoz warehouse)-
consumer, replacing expensive short-run rail shipments.

Consequently, if the final or intermediate centers of Goskomneftesnab are located
at railroad stations in the consuming regions, the spheres of economically sub-
stantiated use of various types of transport can be established:
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by comparing the indicators of a pipeline planned for construction and the
rail transport replaced by it in delivery of petroleum products from plants to
rail centers of Goskomneftesnab;

by comparison of the indicators of a pipeline planned for construction and
motor transport when hauling fuel to intermediate centers in remote agricultural
regions from intermediate centers of Goskomneftesnab at railroads, at rivers or
in pipelines and also directly from the centers at plants;

by comparison of the indicators of direct delivery of petroleum products from
centers directly at plants to filling stations (warehouses, kolkhozes, sovkhozes
and other organizations) with indicators of petroleum product delivery to inter-
mediate centers of Goskomneftesnab by rail or pipeline and subsequent hauling by
truck to consumers.

The types of motor vehicles used plays the decisive role in the latter two cases.
Indicators of motor shipments are presented in Table 6.2.

Table 6.2.
z e .l ) K (4_) Jlorox'llmn cotm.umn.)-
| ey T S )
m -
gg on/(10 ,‘.-'33 Sg)m kon/(10 v-xp){xon/10 7] "AMERqE fnepexomiR,
. )
3u130(20) . ] 4 58,0 |2o1,2] 395 |[770 | 044 | 1.3
~ 3WJ1-130 ¢ npuuenom(11) 4+4| 32,2 1230,0| 28,4 708 0,44 1,3
(12) MA3 ¢ noaynprueniom| 16 23,4 |217,6] 26,4 638 2,67 2,08
KAMA3, noaynphuen c .
npuuenow (13) . .|1648] 20,3 |[176,6] 23,4 605 | 0,44 1,3
Key: :
1. Type of trucks 8. Capital, II
2. Load capacity, tons 9, Intermediate, IV
3. Operating expenses 10. 2IL-130
4. Capital investments 11. 2IL-130 with trailer
5. Kopecks/ (10 tons-km) 12, MAZ with semitrailer
6. Kopecks/10 tons 13. KAMAZ, semitrailer with trailer
7. Highway component/ (10 tons-km),

with highway category

1t follows from the data given in Table 6.2 that the use of a KAMAZ type truck
with semitrailer and trailer having total load capacity up to 24 tons reduces ex-
penditures on the main component of expenses dependent on the shipping distance
from 58-32.2 to 20.3 kopecks/ (10 tons-<km) compared to a ZIL-130, by which the
sphere of motor shipments is sharply expanded. The expenditures for shipment by
this vehicle are lower than by a MAZ truck, which, moreover, can navigate only
over highways with capital pavement and is essentially unsuitable to supply remote
regions with fuel.
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Comparison of expenditures to transport petroleum products by various types of
transport is given for the case of direct delivery by truck from oil storage and.
distribution centers at plants and with delivery by pipeline and rail transport
with hauling from the centers of Goskcmneftesnab to consumers over an average dis-
tance of 25 km. Average conditions of shipments and average newly arising expendi-
tures for shipment are taken for rail “ransport. The actual expenditures may
fluctuate, as was considered in Chapter 3.

The results of calculations for a volume of petroleum products of 200,000 tons/year
are presented in Figure 6.2, a, the results for a volume of 3.0 million tons/year
are presented in Fiqure 6.2, b and in this case truck trains with load capacity of
16 + 8 tons were used in direct motcr shipments and trucks with capacity of 6 and
16 tons were used for truck hauling depending on the distance. From the given cal-
culations, one can conclude that there are spheres of application of various types
of transport and spheres for further improvement of petroleum product transporta-
tion. When transporting small volumes of petroleum products by rail, the increase
of shipping distance, especially under favorable conditions of train traffic, hard-
ly affects transportation expenses due to the high expenditures for the initial-
final operations related to preparation of tank cars for filling and unloading at
intermediate stations Ly assembled trains and also for hauling by motor transport
to consumers. Thus, an increase in the shipping distance from 50 to 1,000 km leads
to an increase of expenditures from 65~70 to 85-95 rubles. Expenditures increase
to approximately 115 rubles per 10 tons, i.e., twofold, only under unfavorable
shipping conditions (overloaded railroad mainline, single-track railroad with small
train mass and so on} if the shipping distance increases to 1,000 km.

Initial-final operations during transportation of small volumes of petroleum prod-
ucts over special pipelines are also significant due to the need to have available
capacities for sequential pumping and expenditures for hauling of the fuel by
truck at the beginning and end of the pipeline. However, even the line part re-
quires considerable expenditures with small-diameter pipes due to the high drag and
the need to operate low-capacity pumping stations. Expenditures per 10 tons in-
crease from 46-50 rubles at 50 km to 240-250 rubles at 1,000 km with regard to ex-
penditures for truck hauling for an average distance of 25 km. In sum, product
pipelines are more economical with distance up to approximately 150-200 km (Figure
6.1, ¢) and rail transport yields better results at longer distances.

The indicators of pipeline transport with low volumes of petroleum products with
delivery over branches (loops) from the truck product pipeline, when structures
and operation of special pumping stations are not required, are more favorable
than shown in Figure 6.2.

The reduced expenditures indicate the fsasibility of the sometimes suggested mixed
pipeline-rail method of shipping petroleum products over relatively short distances,
for example, 200-300 km, by pipeline and then by railroad (Figure 6.1, d). Mainten~
ance of low-capacity line devices and terminals for preparation of tank cars for
loading requires large expenditures, which is not compensated for by the saving due
to reduction of shipping distance by rail. Mixed pipeline-rail shipments are ef-
fective at long distances (500-1,000 km) and with a significant volume and also on
loaded routes where transfer of petroleum products to pipeline transport makes it
possible to postpone the deadline for implementing expensive measures on fundamental
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Figure 6.2. Effectiveness of Using Various Types of Transport: a--with as-
similation of petroleum product volume of 200,000 tons/year; b~-
with assimilation of volume of 3 million tons/year; l--pipeliue
transport with truck hauling of 6 tons; 2--pipeline transport with
truck hauling of 16 tons; 3~-rail transport with truck hauling of
6 tons; 4--rail transport with truck hauling of 16 tons; S--rail
transport under less favorable shipping conditions; 6 and 7--
motor transport as & function of highway conditions znd type of
trucks

Key:
1. Specific reduced expenditures, rubles/10 tons
2. Distance, km

reconstruction of a railroad, for example, on construction of second tracking under
complex topographic conditions.

Mixed pipeline-rail shipments are sometimes feasible with high concentration of
capacities of oil refining plants when the volumes of loading at one railroad ter-
minal exceed the capabilities of developing it and normal operation and loading
must be transferred to an adjacent railroad terminal to a distance of 100-200 km
with delivery of fuel by pipeline to the loading point.

Truck shipments have minimum expenditures for initial-final operations and can pro-
vide delivery of petroleum products directly to consumer warehouses or to general-
purpose service stations. However, reduced expenditures by 30-40 rubles per 10
tons at 50 km increase to 270-400 rubles at 1,000 km depending on the type and con-
dition of roads. These indicators of motor shipments naturally exclude the possi-
bility of using them for long-range shipments of petroleum products, except special
cases of supplying the country's remote regions with fuel during the winter season
where the use of other types of transport is impossitle. Comparison of the
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considered types of transport shows that motor transport using Kama trucks with
capacity of 23-24 tons with trailer, which permit delivery of petroleum products

= directly to consumers even under unfavorable conditions, is most efficient with
relatively small volumes of petroleum products and with their being shipped over
comparatively short distances. The use of motor transport is feasible compared to
small-diameter pipelines, even under unfavorable highway conditions at distances
up to 150-350 km, depending on the hauling conditions from the oil storage and
distribution centers with pipelines to consumers and with volumes of less than
100,000-150,000 annually and over long distances.

When motor and rail transport are compared, the use of trucks yields more favorable
indicators at distances of 150-200 km.

Supply within the region of an oil refining plant can usually be accomplished with-
out the participation of rail and pipeline transport by motor transport alone from
the central oil storage and distribution center located near the plant to consumers,
by changing the intermediate centers and also the numerous overloads and related
losses. This same scheme of supply of numerous consumers of a region can be
adopted upon approach to the center of the region where highways converge from re-

- gions of a truck pipeline. In the latter case it is natural to construct branches
to the regional centers located near the route of the truck pipeline to reduce the
distance of motor shipments.

Consequently, one will be oriented in the future toward significant expansion of
the sphere of use of motor transport in shipments of petroieum products to numerous
small consumers with the transport being shipped to short-run rail shipments with
primary hauling of fuel-lubricating materials to consumers, by changing the inter-
mediate centers.

Different relations occur with transport of petroleum products in significant vol-
umes. In this case the high load of the line part and especially of pumping sta-

3 tions leads to a significant reduction of specific indicators and rates of their
reduction with an increase of transportation distance. As a result pipeline trans-
port under identical conditions of hauling petroleum products to consumers is more
economical in the entire range of distances up to 1,000 km or more than rail ship-
ment, even if there is a reserve carrying capacity of rail shipment and even if it
has modern hardware.

Optimum pipeline parameters by diameter and loading have been adopted in calcula-
tions of reduced expenditures with pipeline transport, the results of which are
shown upon comparison with other types of transport. Moreover, the engine ring and
economic indicators of pipelines vary sharply as a function of utilizing their
capacity. )

The results of calculating expenditures with pipelines of different diameters and
their different load are presented in Figure 6.3. The upper part of the zone cor-
responds to a load of 0.9 and the lower part corresponds to 0.5-0.6.

The use of pipes smaller than 114 mm in diameter does not lead to significant im-
provement of indicators for volumes less than 100,000 tons/year. Expenditures on
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Figure 6.3. Variation of Reduced Expenditures as a Function of Pipeline
Diameter

Key:
1. specific reduced expenditures, rubles/10 tons
2. Distance, km

pipe acquisition and depreciation deductions with a reduction of pipeline diameter
decrease insignificantly in the total expenditures on pipeline construction and
operation. Therefore, the use of separating pipelines less than 114 km in diameter
can hardly become widespread in the case when one can expect a further growth in
the volume of pumping of petroleum products.

An exception are branches (loops) that operate without pumping stations or with
pumps located at oil storage and distribution centers when expenditures for con-
struction and operation of them are insignificant due to combining with the corre-
sponding facilities of the oil storage and distribution centers. It is economical-
ly feasible in these cases to use pipes less than 100 mm in diameter.

Thus, a branch 80 km long with pressure of 20 kgf/cm2 at the connection point and

_ 60 km long provides delivery of 30,000-35,000 tons of diesel fuel or about 70,000
tons of gasoline during 5,000 hours of operation annually with indicators more favor-
able than motor shipments.

One should make the following conclusions from the given data:

the average distance of transporting petroleum products more than 1,000 km is
temporary--it will decrease as oil refining plants are constructed in the consum-
ing regions;

if oil refining is expanded, the distance of transporting petroleum products
may remain basically unchanged, but an increase of volumes creates prerequisites
for expansion of the spheres of use of product pipelines;

construction of pipelines is primarily feasible between oil refining plants and
nearby oblast centers or large cities, where transportation and economic ties are

stable and do not vary with construction of new plants. Connection of all adjacent
centers to the product pipeline is feasible;
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the reduced expenditures during shipment of petroleum products by rail and
by separate product pipelines differ only in specific spheres. Therefore, con-
struction of a pipeline should be substantiated with regard to local shipping con-
ditions over specific sections of railroads from which switching of the volume of
petroleum products to a pipeline is planned;

the deadline for putting branching pipelines into operation, like truck pipe-
lines, is determined by the load level at which the reduced expenditures will be
lower than on railroads. Under conditions of development of a product pipeline
system, construction and operation with less than full load and expenditures higher
than rail shipments cannot be regarded as economically justified.

Accounting for losses may play a significant role in selecting the version of trans-
portation of petroleum products to consumers.

It is obvious that reducing the number of shipments and intermediate storage cen-
ters will contribute to a reduction of petroleum product losses. There will be
more favorable conditions with extensive development of product pipelines with
branches that provide delivery of petroleum products directly to large consumers
with one-time motor transport with single transloading. There will also be favor-
able conditions with motor shipment directly from the center at the plant to the
consumer. One should expect that consideration of this factor leads to expansion
of the spheres of use of product pipelines with branches and motor shipment of
petroleum products directly from the centers at plants.

6.3. Engineering and Economic Indicators of Product Pipelines and Storage Centers

The most favorable engineering and economic indicators during pumping petroleum
products through pipes--diesel fuel with kinematic viscosity coefficient of approx-
imately 0.1 cm2/s and gasoline with coefficient of approximately 0.0l cm2/s--occur
in approximately equal proportions with distances of 100-150 km between pumping
stations.

The nature of variation of reduced expenditures is similar to the principle estab-
lished above for trunk pipelines. Variation of expenditures with location of pump-
ing stations in this range is insignificant and frequently does not go outside the
accuracy cof calculations. Pipeline productivity for these conditions is presented

in Table 6.3.
Table 6.3.
11"11(%'1);) YO, MM nmmmﬁ%lmn. e, T Jinametp 1pyGsl, MM Mpw3BOARTEABIOCTL, THE. T
114 150—250 325 2000—36010
159 300—500 371 2700—4000
219 700—1000 426 3500—5600
273 1300—2000 530 6000—9000
Key:
1. Pipe diameter, mm 2. Productivity, thousand tons
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Table 6.4.
JipixendecKan ofepaund, lhu%mmu ' I NBR Onep m
xon/(10 T-xM) (l) onepanus, xon/l0 T { ®on/(10 T-xM) onepaltin, xon/l0 v
35| @] s} e8| 8 : N ;
@55 28| 32| 2 | i Fs 2¢2 ég g %5 g
N AR
a2 g z v : ov
3..% B38| 2% | 8| B3| 2B | 4G |EeY| &E | S| &Y | o
2191 0,8 | 2,56 130,74] 30,0 480 377 | 3,2 /10,91 {10,93] 14,0 225
1,0 | 2,12 |24,60] 30,0 480 4,0 | 0,78 | 8,74] 14,0 226
2731 1.6 | 1,45]16,4 25,0 380 426 | 4,0 | 0,79 ] 9,77] 15,0 235
2,0 |1,23|13,11] 25,0 380 65,0 | 0,67} 7,80} 15,0 35
3251 2,4 |1,08]12,23] 17,0 280 530 | 7,2 | 0,66} 8,70| 16,0 45
- 3,0 10,92] 9,78 17,0 280 9,0 r0.5(5 6,961 16,0 245

Key:
1. Traffic operation, kopecks/(10 tons-km)
2. Initial-final operation, kopecks/10 tons
- 3. Pipeline diameter, mm
4, Productivity, million tons/year
5. Operating expenses
6. Capital investments

Table 6.5.
(1) nn%o:y::g'g. “u ‘Z-)p — ( 3) Tpwsepenhtie saTpatl, py6/10 7, MO RBMHOCTH TREHCNOPTRPODKN, KM
W, fron |MTOPOR. Mu 10 » 100 300 1000
0,2 114 17,8 20,7 30,7 72,5 233,9
0,4 163 © 10,3 1,3 18,9 44,5 143,2
0.8 219 5,6 6,7 10,7 24,7 79,1
1.4 273 3,5 4,3 6.7 15,4 49,4
2,0 325 2,7 3,2 5,0 11,8 37,6
3.0 3n 1,9 2,5 4,1 9,6 30,1

Key:
1. Volume of petroleum products, million tons/year
2. Pipeline diameter, mm
3. Reduced expenditures, rubles/10 tons, at transportation distance, km

The operating expenditures and capital investments for traffic and initial-final
operations for product pipelines with spacing of 150 km between pumping stations
are shown in Table 6.4 for the middle regions of the European USSR.

The coefficients that take into account local conditions will be significant and
may reach 50 percent or more for regions hav ng significant deviations in the
level of wages or rates for electric power or that require construction of product

pipelines in mountainous terrain. The averaged indicators for these conditions
can be used only as approximate indicators.
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Variation of reduced expenditures for pumping petroleum products through small-
diameter pipelines is presented in Table 6.5 as a function of transportation
distance.

Thus, the indicators of pipeline transport vary as a function of the pumping volume,
pipeline diameter and distance over a very wide range. Thus, if the volume of pe-
troleum products increases 15-fold from 0.2 to 3.0 million tons, expenditures in-
crease 8-9-fold and expenditures increase 13-15-fold with an increase of transpor-
tation distance from 10 to 1,000 km, i.e., 100-fold. Expenditures for initial-final
operations are very high at short distances.

An organic part of the country's petroleum product supply system is centers and
tank depots designed to accept petroleum products from rail, water or pipeline
transport, storage and issue of petroleum products to different of transport
and primarily loading into tank cars or trucks for further hauling.

Cylindrical metal tanks have become most widely used for storage of petroleum
products. However, underground reinforced concrete tanks and trench type tanks
are used and caverns in salt beds, worked-out mines and other capacities are used
abroad for storage of petroleum products.

Table 6.6.

rm(l) (2} Homtniamui oBnen peaepsyspon, M®
3aTeNR
- 0 | 1000 00 | 10000 | 20

(3) Cmaasnee quanndpuseckne PE3CBYapH ¢ PYAORILDOSAHHUM KOPNYCOM U ORIKEN

Noseanwin obwem, w(4). . . . 87 1013 4161 9590 | 17050
Inamerp pesepsyapa, M(5) N B N 12,3 22,8 34,2 45,6
Bricotra peaepnyapa, 5,96 8,94 11,92 11,92 11,92
Meraanoemkocte, T/M’(& 73,0 31,0 27,4 26,5 22,9
Ynensnas cTOHMOCTD, M’/pyG (8) A 72,4 15,5 10,1 10,0 9,73

(Q) Cmansnste quiundpuuecKue pe3epsyaps ¢ pyaoKUupPOSARREIM KOPRYCOR U ORUIGEM,
HUIn0eoil KposALl U MCMAANULECKUM NONINONOM

Moseansit oGnem, M? S I 1] 1013 4622 10950 19 450
Iuamerp peszepsyapa, » . . . .| 4,7 12,3 22,8 39,9 45,6
_ Bucora peaepsyapa, v . . . .| 5,96 8,84 11,84 11,92 11,92
Meraanoemkocts, T/M? . . .| 55,8 26,3 21,7 18,9 19,7
Yneabhan cronMocTs, M‘/pyG . .| 54,5 12,4 7.4 7.3 7.2

Key:
1. Indicators
2. Nominal volume of tanks, m3
3. Cylindrical steel tanks with rolled body and kottom
4, Effective volume, m3
5. Tank diameter, meters
6. Height of tank, meters
7. Metal consumption, tons/m3
8. Specific cost, m3/rubles
9. Cylindrical steel tanks with rolled body and bottom, panel roofing and
metal pontoon '
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The characteristic trend of modern tank construction in the USSR is enlarging the
capacity of individual tanks and depots as a whole. Tanks of the most diverse
capacities from 3 to 75 m3 at delivery centers and from 100 to 20,000 m3 at dis-
tributing centers have been established as a function of the designation of the
center. Tanks with capacity of 50,000 m3 have recently begun to be used. Tanks
with capacity up to 100,000 m3 or more are used abroad in countries that mainly
utilize imported oil.

The engineering and economic indicatofs of steel tanks for storage of petroleum
products are presented in Table 6.6 [43, 44].

The specific indicators of metal consumption and construction cost will improve
significantly with a furtehr increase of the unit capacity of tanks. Thus, specif-
ic metal consumption is reduced to 17.0-20.0 kg/m3 of effective capacity and the
specific estimated cost is reduced to 5.7-5.8 rubles/m3 of effective capacity for
tanks having capacity of 50,000 m3 with permanent covers and pontoons that prevent
evaporation of the petroleum products.

Indicators of the specific cost of tank depots are presented in Table 6.7 with re-
gard to expenditures for fire-safety measures and expenditures for tying in to
local conditions.

Table 6.7.
(1) 2) (3) Yaearnan cuerian CTOLMOCTD Fa | M?
™,
Eskocts mapka, | Esxocts oasioro pesep- | Urcao pesepsyapos (4) ™
THC. M? pyaps. ThiC. M¥ ® napxe, wr.
peaepayapunx
peaepeyhpos
(7) Sazpydaennnie xene3o0emonnsie
480 10 48 20,2 14,6
20 24 17,9 12,7
30 16 17,0 11,4
500 50 10 16,7 9,8
(8) Bepmuxansnue cmapsuvie
480 20 24 10,9 6,7
30 16 9,8 5,6
500 50 10 10,1 5,8

Key:
1. Depot capacity, thousand m3
2. capacity of single tank, thousand m3
3. Number of tanks in depot, units
4. Specific estimated cost per cubic meter of capacity, rubles
5. Tank depots
6. Tanks
7. Hardened reinforced concrete
8. Vertical steel
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The specific construction costs of specific tank depots are 10-25 percent higher
in some cases that those indicated in Table 6.6 and 6.7.

Thus, further development of the transportation-storage system to supply numerous
consumers with petroleum products can be achieved with primary use of pipeline
transport to ensure delivery of fuel from plants to large consuemrs (cities) with
construction of branches to adjacent oil storage and distributing centers. Deliv-
ery of petroleum products from delivery centers near oil refining plants directly
to consumers by primarily large-capacity trucks, replacing the intermediate centers
of Goskomneftesnab, should be widely developed. The specific weight of shipments
of light petroleum products by rail is effectively reduced in the future, especial-
ly in mixed pipeline-rail communications with pipelines of relatively short length.

Wider use of river transport, primarily in regions with a sparse rail and highway
system, to transport petroleum products is possible.

Development of storage capacities can be oriented toward construction of steel
tanks with rolled bodies and bottoms equipped with pontoons and other devices to
reduce losses of petroleum products.
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Chapter 7. Pipeline Transport of Coal
7.1. Experience of Construction and Operation of Slurry Pipelines for Coal
Transport

The favorable engineering and economic indicators of pipeline transport of oil and
petroleum products, the positive experience of coal transportation through pipes
in mines with hydraulic mining, the extensive use of hydraulic transport at elec~
tric power plants to remove slag and also distribution of this type of transport
for ore, limestone and other materials over short distances induced extensive in-
vestigations on the use of pipelines to move coal over long distances at an elec-
tric power plant instead of shipment by rail, water or transmission of electric
power over wires.

Hydraulic transport of coal is closely related to mining and burning of the fuel.
It cannot be considered in isolation from the entire production chain: mining,
storage, preparation for transport, transport, storage, preparation for burning and
burning of the fuel.

The engineering solutions and engineering and economic indicators of the Cadiz-East-
lake and Black Mesa coal pipelines constructed in the United States are presented
below, which may serve as the initial base for preliminary analysis in solving the
problem of the feasibility of using this type of transport.

The Cadiz-Eastlake coal pipeline 174 km long and with productivity of approximately
1.1 million tons/year has been in operation for approximately 6 years and showed
high reliability of the entire coal delivery system [70]. Operation of the coal
pipeline was economically unprofitable as a result of reducing the rates on the
parallel railroad and it was disassembled. The coal pipeline was entered in the
production chain of coal delivery without changing the system of mining and burning.

- The coal pipeline was constructed 254 mm in diameter with average wall thickness of

12 mm (the wall thickness was increased to 18 mm after the pumping stations and

was reduced to 8-10 mm before the pumping stations). The working pressure of the
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- pumping units was approximately 80 kgf/cmz. Pipes of ordinary carbon steel with
ultimate strength of about 30 kgf/mm2 were laid at a depth of 1.2-14. meters

i (freeze line) with ordinary insulation to protect the pipelines against corrosion.

- Three pumping stations were constructed on the route--the main station near Cadiz
and two intermediate stations 48 and 83 km from the main station. The final sec-
tion about 81 km long had a slope in the direction of motion of the water-coal
slurry.

Water-coal slurry with ratio of 1:1 with coal size up to 1,2 mm was transported
when the pipeline was started up. It was found during operation that slurry with
composition of one part coal to 0.72 part water by mass with coal size up to 2.4
mm was more economical transport.

A time-equivalent composition of the mixture of 0.7 percent with fraction content
of 2.4-1.4 mm, 16.2 percent with fraction content of 1.4-0.6 mm, 21.3 percent with
fraction content of 0.15~0.07 mm and 21.3 percent with fraction content up to 0.07
mm was maintained during the operating period. The coal content in the slurry was
594~600 kg/m3, the density of the hydraulic mixture was 1,200 kg/m3, coal density
was 1,400 kg/m3, the ash content in it was 7.5-9 percent and sulphur content was
2.5-3.5 percent.

Two reciprocating pumps each with delivery of 150 m3/hr operated at the pumping
stations. They were set in motion by an electric motor with rating of 335 kW
through a hydraulic speed-control clutch. The slurry was delivered by pumps to
special tanks--covered tanks (dampers) filled with nitrogen, from which it was
uniformly ejected into the pipeline. The wet coal concentration wastes were pumped
through the pipeline. The water-coal slurry was delivered by two pipelines to the
station for preparing the coal for transportation. A flotation concentrate with
coal fractions up to 0.15 mm and low content of solid component was delivered
through one of them and a flotation concentrate with fractions of 0.15-9.5 mm and
high coal content (coal to water ratio in the slurry was 1:2.4) was delivered
through the other pipeline.

The hydraulic pulp is crushed into lumps of coal at the hydraulic slurry prepara-
tion station, the coal delivered from the concentration plant is dehydrated to op-
timum slurry composition and inhibitors that protect the inner walls of the pipes
against corrosion are added. This part of the installation was a continuation of
the wet concentration installation with addition of units to crush thecoal to
fractions of 2.4-9.5 mm. Moreover, the installation included a standby warehouse
of coal with fractions of 3-9.5 mm which made it possible to provide continuous
operation of the pipeline during one-shift operation of the concentration plant.

The experience of operation showed that stable operation of the pipeline depends to
a significant degree on a fraction content of 0.045 mm or less, which forms a sus-
pension with increased density that maintains larger fractions in a suspended state.

The coal was dried to total moisture content of 8.5 percent at the receiving end of
the pipeline and was delivered in this form by belt conveyor to the electric power
plant warehouse. The installation for dehydration and drying of the coal was a

complex structure. The water-coal slurry, after pressure was reduced (a vertical
pipe with conical plate), was delivered to settling tanks with total capacity of
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about 5,000 m3 where the coal was left for 13 hours. The concentrated mixture was
. delivered by centrifugal pumps from the settling tanks to three vacuum-filters,
after which the coal was delivered to four tubular driers. In this case the quartz
dust that had already been dried was added to it before the drier. Approximately

3 percent of the transported coal was burned for drying. A scheme for trapping
fine dust was provided in the drier. Water with solid particle content of 0.0001
percent was discharged into the waste water system of the electric power plant.

The sediment having significant coal content was delivered to the drier where the
water was evaporated. The installation was automated and a total of 15 men were
involved in maintenance of it.

A total of 7.5 million dollars was expended to construct the pipeline and 5.5 mil-
lion dollars was expended on the initial and final installations. Moreover, 2.5
million dollars was expended on scientific research work related to development of
the pipeline.

The structure of the operating expenses (without deductions for payment of cred-
its) was 43.7 percent electric power, 4.9 percent inhibitors, 22 percent work
force, 18.3 percent tools and materials, 9.6 percent miscellaneous expenses and 1.5
percent deductions for special needs. The total expenses in startup of the instal-
lation was approximately 25-30 percent below the hauling fee by rail [100]. When
the depreciation deductions and other payments were calculated, the calculated ser-
vice life of the pipeline was taken as 20 years. No appreciable wear of the pipe
walls was detected after 6 years of operating the pipeline. It is interesting that
microscopic analysis of the coal particles at the beginning and end of the pipeline
did not reveal significant differences in the sharpness of edges and pelletization,
which indicates the absence of strong friction against the walls and of the parti-
cles between each other.

The pipeline was operated with average productivity of 1.2-1.4 million tons/year,
but experiments were conducted to operate it under conditions that provide delivery
of approximately 220 tons/hr or 1.8-1.9 million tons/year.

The experience of operating the Cadiz-Eastlake pipeline permits the following
conclusions:

abrasive wear of pipes by coal at flow rates used in the pipeline and with the
adopted granulometric composition is insignificant and the operating periods of
trunk coal pipelines with optimum granulometric composition of the coal and coal
content in the slurry can be sufficiently longs; -

the practical poss bility of operating a pipeline with approximately 580 kg
of coal and 420 liters of water per cubic meter of slurry (the ratio of solid fuel
to liquid was 1:0.72) was proven. Slurry with higher coal content up to 600 kg/m3,
i.e., with solid matter to liquid ratio of 1:0.67, was pumped during individual
periods;

normal operation of the pipeline is possible at slurry flow rate of approxi-
mately 1.4 m/s;
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stable operation of the pipeline, the possibility of starting it up after
premature and random shutdown and operation with minimum wear of the pipe walls
required a quite specific granulometric composition and flow rate and it was de-
termined that these parameters are predetermined to a significant degree by the
physicochemical properties of the coal being transported;

the adopted scheme of coal dehydration was extremely complicated and develop-
ments were begun during operation to dehydrate the coal by the mechanical method
using centrifuges, which simplified the entire system of receiving devices;

the decisive factors of efficient operation of coal pipelines are the engineer-
ing and economic indicators not only of the pipeline itself but also of the parallel
railroads changed with regard to technical progress and the possibility of changing
the rate policy in this regard. Failure to consider this factor led to shutdown of
the installation as unprofitable.

Investigations of the spheres of economically feasible use of pipeline transport of
coal compared to shipment by rail were carried out with regard to the experience of
the Cadiz~Eastlake coal pipeline in the United States. The investigations showed
that pipeline transport of coal is effective with volume of 5 million tons/annually
or more under conditions of a weakly loaded railway system when assimilation of new
volumes of coal does not require development of permanent devices. At the same
time the efficiency of coal pipelines begins only with high volumes of coal under
conditions favorable to railroads (low development factor, presence of free capac-
ities and so on).

The second trunk pipeline 437 km long was a system introduced in 1970 to deliver
coal from the Black Mesa mines in Arizona to the Machova Electric Power Plant in
southern Nevada. The system includes a slurry preparation plant, pipeline, pump-
ing station, information monitoring and transmission systems on the operating modes
of the pipeline and its individual units and a slurry dehydration installation. The
latter is not included in the control of the overall system and is a part of the
electric power plant. A system of pipes 450 mm in diameter passes through terrain
which has a total slope from the mine to the electric power plant from 1,900 to
150 meters and the drop in height is 900 millimeters during the last 20 km and the
pipeline diameter on this section is 300 mm. There are a number of rises on the
pipeline route which it intersects without any difficulties. The productivity of
the pipeline with regard to irreqular operation is 4.4-4.5 million tons at 48-50
percent concentration of solid fraction and flow rate of 1.7-1.75 m/s. The slurry
flow rate reaches 4.0 m/s on the final section where a pipeline 300 mm in diameter
has been laid to prevent formation of flow interruptions or partial clogging of
the pipeline and consequently intensified corrosion of the walls. Transportation
time is three days and the filled pipeline contains 45,000 tons of coal.

Four pumping stations were constructed for pumping. Three stations have two each
operating and one standby unit and four have three operating and one standby unit
of lower productivity, but higher pressure. The pumping stations in the pipeline
are controlled from a terminal at the beginning of the system.

The overall operating scheme of the pipeline is as follows. After being crushed
to coarseness of not more than 50.8 mm, the coal is delivered from the mines in

173

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

Arizona over belt conveyors through scales to the slurry preparation plant. Pit
coal with density of 1.45 and moisture content up to 1l percent has an average
heat of combustion of approximately 6,800 kcal/kg, ash content fluctuates from 6.5
to 17 percent, with an average of 9.8 percent, and sulphur content fluctuates

from 0.38 to 0.43 percent with an average of 0.4 percent.

The coal is delivered by belt conveyors to three hoppers. Each hopper feeds a sep-
arate preparation line consisting of an impact (inertial) crusher, rod mill, clas-
sifier and centrifugal pump. The inertial crushers pulverize the coal to coarse-
ness of 6.35 mm or less and the rod mills reduce it to coarseness of 2.36 mm or
less by wet pulverization. The crushed coal (slurry) is delivered from the rod
mill to the classifier. The discharge of the classifier passes through a filter
and enters two tanks with capacity of approximately 24,000 m3 which are supplied
with mechanical mixers to maintain the coal particles in a suspended state. The
thickened classifier product (coal coarser than 2.4 mm) is returned to the rod mill
for prepulverization.

After analysis of the composition, the slurry is pumped from these tanks to a third
tank in which the granulometric composition is regulated by addition of water or a
solution of high content of small particles and is reduced to strictly given condi-
tions and is pumped in this form by the pumps into the pipeline.

The characteristic feature of slurry preparation is a content of a specific quantity
of coal (19.5-21 percent or 20-25 percent according to different data) of coal with
coarseness of 0.043 mm or less in it, which does not settle out of the water, holds
large fractions in the suspended state for a specific time and ensures stable start-
up of the system when it is shut down. Continuous monitoring of the granulometric
composition of the slurry is carried out during operation and the established con-
tent of fractions less than 0.043 mm is a compulsory condition for delivery of it

to the pumping units.

The experience of operating the pipeline led to the fact that the fourth tank at

the slurry preparation station should always store a reserve slurry containing only
coal with coarseness of not more than 0.043 mm, which is used to flush out the pipe-
line if large fractions of coal fall into it during a planned or accidental shut-
down of the pumps.

The pipeline is operated in a rigid automated mode. Variation of productivity is
permitted in the range of +5-6 percent of the calculated variation, which is
achieved by regulating the number of strokes of the pumps by special clutches in-
stalled on the drives. All the units are controlled from the central main station
combined with the slurry preparation station. Only two persons each work at each
station on the "home standby" principle, the task of whom includes overall observa-
tion of the units and manual control of them upon variation of operating modes

- upon instructions from the central control station. The entire system, except the
dehydration station, is maintained by 56 persons, of which 12 are workers of the
control equipment and 10 are laboratory workers to monitor the slurry composition.

There are slurry storage tanks at the electric power plant designed for 4 days of
operation of the electric power plant under full load. The slurry is pumped from
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the tanks by centrifugal pumps to a bank of 40 centrifuges (20 each for each boil-
er unit), where 75 percent of the water is removed from it. The coal is heated in
the centrifuges, which contributes to better moisture removal.

The wet coal concentrate is transported to 20 fine-crushing mills (10 each for each
unit) and further dehydration. Air is delivered to the mill for drying the coal at
temperature of 400°C, which also dries the coal during its crushing and transports
it to the boiler furnaces. The drainage from the centrigues (centrifuge effluent)
containing 6.5-8.5 percent fines is pumped to clarifiers and is subjected to chemi-
cal treatment to separate the coal and ash from the water.

The thickened product is usually pumped from the clarifiers having approximately
20 percent cf coal by mass directly to the furnaces, while the clean water is di-
rected to the circulating water-cooling system of the electric power plant. More-
over, there are two evaporating ponds at the electric power plant for evaporation
of the water from the centrifuge effluent passing through the clarifier. The
dried product is used as needed by introducing the slurry formed from the dried
coal into the common coal-delivery system of the electric power plant.

The coal delivered from the clarifying *ank has increased ash content (40 percent)
and is delivered to the boiler furnaces and is burned mainly to prevent environment-
al pollution by the coal and primarily of the Colorado River on which the electric
power plant is located. Evaporation of the water delivered from the settling tanks
with the coal reduces the efficiency of the boiler by approximately one-half, but
even so an overall improvement in the use of fuel is achieved since the sediment
contains 4-5 percent general fuel received by the electric power plant through the
pipeline (per fuel mass).

A reserve coal warehouse with capacity for more than 30-day consumption was created
at the electric power plant during adjustment of operation of the entire coal pipe-
line transportation system. However, the pipeline has been operating very reliably
during the past year and the reserve warehouse is essentially not used. A pipeline
utilization factor equal to 99.2 percent in time has been achieved, which indicates
the very high operating reliability of the entire coal pipeline system [100].

The main thing in the coal dehydration svstem is a continuous coil type horizontal
centrifuge with rotor diameter of 1 meter, 2 meters long and with productivity of
19.8 tons/hr.

The use of centrifuges instead of filters to dehydrate the coal after hydraulic
transport and adapting the boiler furnaces to hurn coal of increased moisture con-
tent and also burning the sediment of the centrifuge effluent with evaporation of
water contaminated with coal fines are the main differences of the described coal
pipeline in preparation of coal for burning from the Cadiz-Eastlake coal pipeline.

Numerous investigations were carried out during adjusting operations to improve the
design of the «aoal preparation installations, coal dehydration and transfer for
burning. The pipeline, preparation station and dehydration station now supply coal
to an electric power plant with output of 3.58 MW. However, the electric power
plant operxates in a system with the hydroelectric power plants on the Colorado
River and usually has sufficiently uniform load and fuel consumption. An irregular
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load of the electric power plant leads to irregular operation of the pipeline and
causes a number of difficulties in operation since possible fluctuations in coal
delivery are limited.

The economic effectiveness of the Black Mesa pipeline is very high. It is con-
structed in a region where there are no competing railroads and required one-fourth
the capital investments that would be required to construct a railroad. The total
expenditures for coal transportation comprised about 65 cents/(ion-km) without re-
gard to dehydration expenses, i.e., at the level of rates of existing railroads
constructed under favorable relief conditions and having a higher load.

_ Table 7.1.
(2)
TpyflonpoBOAHE CRCTEMB (1) Rawma, M llusec)m. M nmuzﬁz:mm,
Wrar lOta-wrar Heeana (5). . . 1760 588 . 10
Hopr Bectr (6) P 1782 490588 10
Suenxn T aucnopreumu (7) R 1678 965 25
Buieke g Lo 2000 9201200 21-38
XotocTon Heﬁupn (9) e 1760 200—720 15
Conr pusep (10) - - - - - - 292 392 4
Hroro: (11) 9272 85102
Key:
1. Pipeline systems 7. Energy transportation
2. Length, km 8. Vitex
3. Diameter, mm 9. Houston Natural
4, Productivity, million tons/year 10. Salt River
5. Utah-Nevada 11. Total
- 6. North West

The least developed link of the system was the dehydration system. The total ex-
- penditures per ton of coal and preparation for burning were as follows for 1975:
3.6 dollars for coal, 2.76 dollars for transportation and 1.63 dollars for dehydra-
tion and preparation for burning. As can be seen, the fraction of expenditures for
dehydration and preparation for burning is high and reaches 25.4 percent of the
prepaid cost of the coal of the electric power plant. Moreover, & rapid increase
in the cost of reagents for coagulation and the high expenses for a work force to
maintain the centrifuges led to the need to develop other less expensive and effi-
cient mathods of slurry dehydration and preparation of it for burning. Investiga-
tions are being conducted in this direction. It must be noted that the entire sys-
tem of the pipeline and the dehydration installation was constructed using equipment
already being produced by industry with minimum modification. This led to installa-
tion of a large number of centrifuges and mills and complication of the entire
system for dehydration and preparation of the coal for burning. Enlarging the units
and improving them in a direction corresponding more to operating conditions with a
slurry of granulometric composition selected by pipeline transportation conditions
would undoubtedly improve the economic indicators of this link of the coal delivery
system.
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The problem of constructing six new systems (Table 7.1) is now being considered in
the United States [84, 101].

Designs of a coal pipeline in the Vancouver region to transport coal to Japan and
of a coal pipeline from Alberta to the industrial regions of the eastern part of
the country have been worked out in Canada. However, despite the great attention
devoted to the problem of pipeline transport of coal and bulk products, construc-
tion of pipeline systems is proceeding slowly.

The slow rates of development of this type of transport are apparently explained by
the following concepts:

inadequate study of the physicochemical processes of pumping coal and prepara-
tion of it for pumping and dehydration during burning;

the economic effectiveness of hydraulic transport of coal in coal pipelines of

- relatively low productivity is similar to an in some cases is even higher than ad-
ditional expenditures during shipment by parallel railroads. To increase profita-
bility, the railroads frequently establish incentive rates for coal shipment, cov-
ering only part of the expenses to maintain permanent facilities, thus increasing
the total profitability of shipment of other freight. With reserve carrying capac-
ity of the railroads, this factor is significant and in some cases is of decisive
significance. It is for this reason that the possibility of constructing systems
with productivity of 25 and 25-38 million tons/year, i.e., with volumes of coal
which the railroads are unable to significantly assimilate, is being studied in-
tensively in the United States;

N the absence of flexibility in pipeline transport in selection of suppliers of
coal or other types of fuel;

the absence of developed types of equipment on the market for pumping stations
and slurry preparation installations and high-capacity coal dehydration units.

7.2. The Engineering and Economic Indicators of Slurry Pipeline Transport of Coal

The main parameters that determine the efficiency and engineering and economic in-
- dicators of pipeline transport of coal are its concentration in the slurry, the

- flow rate of the slurry, the wear of the pipeline walls, the tractive resistance of
the slurry and consequently energy expenditures, the wear of the pipe and the eco-
nomic indicators of initial and final operations, i.e., preparation of the slurry
and dehydration prior to burning. The difficulties of analyzing the engineering
and economic indicators of pipeline transport of coal also include the fact that
they differ significantly for different gradesof coal and different granulometric
composition of the slurry.

The coal concentration in the slurry is usually recommended at l:l. The tractive
resistance is increased and mainly the operating stability is reduced with an in-
crease of coal concentration in the slurry. It is obvious that the pipeline should
be capable of startup after premature or accidental shutdown. Otherwise expensive
operations are required to flush out the coal that has settled in the pipes and
interruptions of the operating mode are inevitable.
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Processes of of transporting hydrogenous coal, semibituminous and coking coal in
the form of a water-coal slurry have been investigated in Canada. Hydrogenous
coal permitted a concentration of not more than 30 percent. A gel formed rapidly
in the pipeline with higher concentration which behaves like a clay suspension.
Oxidation of the coal and formation of acids are observed in this case. Semibi-
tuminous coal with concentration of 28.6-33.7 percent in pumping the slurry through
a pipeline 52.2 mm in diameter showed a sharp increase of pressure losses with an
increase of coal concentration in the slurry and with an increase of the flow
rates. Thus, the pressure losses comprised 0.6 kgf/cm? per 100 meters of pipeline
at coke concentration of 30.9 percent and approximately 13.0 kgf/cm2 with concen-
tration of 33.7 percent at a flow rate of 1.5 m/s. An increase of flow rate to
2.5 m/s increased these indicators to 10 and 26, respectively.

Pressure lose~s when pumping coking coal with reduction of concentration, on the
contrary, increased somewhat [45] and decreased with an increase of pipeline diam-
eter. The losses were a total of 0.35 and 0.75 kgf/cm2 per 100 meters, respective-
ly, for pipeline diameter of 100 mm at flow rates of 1.5-1.6 m/s.

The dependence of the pressure losses of a water-coal slurry with coal content of
60 percent and different granulometric composition with maximum coal particle size
of 2 mnt on flow rate is presented in Figure 7.1. As can be seen, an increase in
the content of particles measuring 0.07 mm or less sharply increases the tractive
resistance and this increase is greater, the higher the flow rate [45]. The data
were found for a pipe 50.8 mm in diameter. The indicators of pressure losses also
varied sharply with variation of pipe diameter, but the overall nature of the func-
tion remains constant-—the tractive resistance increases with an increase of fine

- fractions. Wear of the pipes is also dependent on flow rate. Wear of the pipes
increases rapidly with an increase of flow rate. Abrasive wear of pipes was insig-
nificant at flow rate of the water-coal slurry of 1.5 m/s in the Cadiz-Eastlake
pipeline.
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Figure 7.1. Dependence of Flow Pressure Losses of Water-Coal Slurry With
Different Content of Fine Fractions of 0.07 mm on Flow Rate

Key:
1. kgf/cmz/loo meters 3. Meters per second
2. Clean water
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Laboratory investigations showed that the wear of pipe walls increases sharply
with an increase of flow rate, especially above 2.0-2.5 m/s. This can be explained
by the very careful approach to selection of slurry flow rates with an increase of
pipeline diameter. Thus, in proposals to construct pipelines with productivity of

i} 25-38 million tons, the slurry flow rates were increased to 1.85-1.90 m/s and the
productivity of a pipeline 1,000 mm in diameter was approximately 23-25 million
tons, while that of a pipeline 1,200 mm in diameter was 35-38 million tons depend-
ing on the slurry concentration.

It is obvious that, except for pipe diameter, the slurry flow rate limited by wear
of the pipe walls is also dependent on the strength of the coal and mainly on the
abrasiveness of the inclusions. Thus, one can assume that coal of the Ekibastuz
basin, having a considerable number of quartz inclusions in its composition, will
have high abrasiveness and transport of it through pipelines will apparently en-
counter serlous difficulties; on the other hand, coal of many seams of ‘the Kuznetsk
basin do not have these inclusions and may apparently be transported at somewhat
higher flow rate than coal with increased abrasiveness.

On the other hand, the slurry flow rate cannot be lower than the critical flow rate
since the coarser coal particles begin to settle to the bottom part of the gener-
atrix of the pipe. At the same time the critical flow rate depends to a signifi-
cant degree on the granulometric composition and primarily on the content of frac-
tions of particles 0.043 mm or less, which slowly settle out from the slurry and
prevent coarser particles from settling out. An increase in the content of these
fractions leads to an increase of the tractive resistance of the slurry and to an
increase of energy expenditures.

It is obvious that investigatinns must be conducted for each grade of coal subject
to transportation and for each pipe diameter to select the optimum granulometric
composition of the slurry, to determine the critical flow rates that determine
startup of the pipeline after shutdown and the maximum flow rates that provide
permissible wear of the pipe walls and acceptable energy expenditures and also to
protect the pipe walls against corrosion due to the effect of oxygen dissolved in
the water, for example, by the use of inhibitors.

Development of pipeline transport of coal, especially over long distances, requires
solution of the problem of a phased increase of pipeline productivity. A desire to
increase the economic effectiveness of long pipelines dictates the use of large-
diameter pipes with high productivity: for example, laying pipes 1,220 or 1,420 mm
in diameter and with productivity of 35-40 and 50-60 million tons/year, respective-
ly, is required to deliver Kuznetsk or Kansk-Achinsk coal to the European USSR.
This amount of coal will support the operation of three to five of the largest
electric power plants with output of 5~6 million kW each, depending on the calorific
value of the fuel being transported. Putting these systems into operation requires
solution of the following problems in pipeline design:

the fuel consumers will be dispersed over a significant distance from each
other and construction of a branched system and distribution of the slurry through
the branches will be required to deliver fuel to them;
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the units will be introduced at these stations over several years rather than
at the same time as a function of the needs for electric power and heat. Conse-
quently, the productivity of the coal pipeline system should be increased gradually.

One of the ways of regulating fuel delivery may obviously be variation of the slurry
concentration with output to the optimum mode by the time all the electric power
plants supplied by the pipeline are brought up to full capacity. However, this
leads to an increase of expenses during the partial loading period with regard to
pumping a large quantity of water.

This scheme for increasing the carrying capacity requires that all pumping stations
be put into operation simultaneously and it cannot be optimum. More effective meth-
ods of a phased increase of pipeline productivity must be found, which requires
special investigations.

There may be startup of the first units of electric power plants with delivery of
coal to them by rail as one of the versions for putting a coal pipeline of high
productivity into operation with high load level. In this case the pipeline can
be introduced at a moment when its load will immediately support operation in a
mode close to optimum. Some complication of the coal management of the power

- plant adopted to receive coal from the railroad is required, which will subsequent=-
ly remain as a reserve. There is no experience in these solutions.

Long and short pipeline systems were previously constructed to supply an electric
power plant of specific output without extensive changes in coal delivery during
operation. There were cases at short installations of laying additional runs of
pipeline with an increase of electric power plant output, for example, at plants in
the Kuznetsk coal basin.

- The process of bringing high-productivity slurry pipelines, designed to deliver coal
to several consumers, for example, large electric power plants with sequential in-
troduction of individual units at them, up to design capacity is a complex scien-
tific and engineering problem that requires the most careful attention. Solution of
it will predetermine to a significant degree the effectiveness of using hydraulic
transport of large-diameter pipes to move considerable quantities of Kuznetsk and
Kansk-Achinsk coal to the Urals and to the western regions of the country.

Comparative data on the engineering and economic indicators of pipeline transport
of coal, rail transport and electric power transmission lines are of interest. The
results of calculating the expenditures to transport coal with different particle
size, made for United States conditions when using pipes from 300 to 610 mm in di-
ameter are presented in Figure 7.2. As can be seen, the expenditures to transport
coal with an increase of productivity of the unit from 5 to 15 million tons de-
crease from 10 to 8.0-8.5 centers per 10 tons.km in 1975 prices. If these indi-
cators are compared to the rates for rail shipments effective in the United States
(approximately 8 cents for mass freight), then we see that the expenditures in pipe-
lines of even relatively large diameter (610 mm) are at the level of rail tariffs
and the use of pipelines to transport coal is economically justified if they signif-
icantly reduce the length of the route or operating conditions of the railroads and
they require siynificant expenditures to devalop carrying capacity. This indicates
the need for ar individual approach to analysis of the economic effectiveness of

180

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400050024-6

FOR OFFICIAL USE ONLY

177 utied SRl Rl
[=—009 um
[—00265mM |
(1)
X
x
§
3 A
T
H S60um|
r
; 85
g N
80 3
§ ’ srovi | S|
S
15

g 5 0 152
(2) NpousBodumenswocms unn 1/20d

Figure 7.2. Cost of Coal Transportation by Coal Pipelines of Different
Productivity

Key:
1. Cost, cents/(10 tons-km) 2. pProductivity, million tons/year

using coal pipelines. The results of these comparisons, made for the Wyoming-
Arkansas pipeline [101] with productivity of 25 million tons and with pipe diameter
of 965 mm, are presented in Table 7.2.

an increase of metal expenditures by 30 percent in rail transport (with lifetime

of rolling stock used in the USSR) is explained to a significant degree by lengthen-

ing the route. If the output of the power plants is compared, one must take into

account that the utilization factor of locomotive output is lower by several factors

in time than pumping equipment usually operated under a load close to full. A sig-

nificant saving is achieved in pipeline transport in work force: the number of per-

sonnel in pipelines is reduced by a factor of 7.5 and even by a factor of 5.5 with

- identical length of the route due to the more extensive automation of production
processes.

Data on variation of expenditures on moving fuel by different types of transport
are presented in Figure 7.3 as a function of productivity determined by the Bechtel
Company (United States) which designed the Black Mesa pipeline. As can be seen,
the indicators of electric power transmission lines are less favorable in all cases
than pipeline transport and rail shipments.

The indicators of pipeline transport of coal with productivity of 25 million tons/
vzar and route length of 1,600 km is lower by a factor of 1.4-1.6 than in rail
shipments and approximately 30 percent of this saving is related to shortening of
the route and the remaining part is due to the characteristics of pipeline trans-
port. It must be noted that the expenditures for rail shipments were assumed to be
stable and do not vary with an increase of volume in the given functions. This
does not correspond to reality since specific transportation expenses on railroads
decrease with an increase of their load within optimum limits.
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Table 7.2.
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. 6) 387 (7)
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e e

lWith regard to replacement of all rolling stock after 15 years of service. Steel
consumption is about 500,000 tons with service life of rolling stock of 30 years.

Key:
1. Indicators
Pipeline 965 mm in diameter
Railroad and 4,600 rail cars with tipper bodies
Distance, km
Steel consumption, thousand tons
. Power plants with output, thousand horsepower
. Tin pumping stations of 273 hp
. 210 locomotives of 630 hp
9. Energy carrier
10. Pit coal and electric power
11. Diesel fuel
12. Number of maintenance personnel, persons

o~ b W

Inflation processes observed in the capitalist world are reflected in current ex-
penditures. Different authors have estimated inflation for pipeline transport at
1-3 percent and for rail transport, which has a considerably higher specific weight
of current expenses, at 5.0-7.5 percent annually. In the total annual increase of
expenditures, even with equal indicators in 1975 prices, the expenditures with
pipeline transport are one-half as much or less within 20-25 years than in rail
transport.

It must be noted that the cost of coal shipments by rail have been reduced by one=
half during the past 25 years in the USSR (see Chapter 3), while they have re-
mained unchanged in pipeline transport (gas or 0il pipeline) (see Chapters 4 and
5), despite construction and operation of these pipelines during the past few
years under all less favorable conditions. Technical progress compensated for

the increased expenditures for construction and operation of pipelines under
northern or Jesert conditionms.

Energy expenditures with coal pipelines are somewhat higher than in rail shipments.
The consumption of electric power on the cadiz-Eastlake pipeline was 35-40 kW-hr
per 1,000 tons+km of natural fuel or it was 49-55 kW-hr per 1,000 tons+km of
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Figure 7.3. Comparison of Engineering and Economic Indicators of Coal
(Electric Power) Transport by Various Types of Transportation:
1--rail shipments over a distance of 800-1,600 km; 2=-=electric
power transmission lines for a distance of 1,600 km; 3--coal
pipeline for a distance of 800 km; 4--coal pipeline for a dis-
tance of 1,600 km; 5--shipments over rivers in barges for a
distance of 800 km

Key:
1. Cost, cents/(tons-km)
2. Productivity, million tons/year

comparison fuel with coal having heat-forming capacity of 51 kcal/kg. Electric
power consumption of 20-30 kW-hr to pump 1,000 tons-km of slurry or 40-60 kW<hr
in conversion to natural fuel can be expected for large-diameter pipes (600-700

. mm). Expenditures to pump a water-coal slurry in the Black Mesa and Vitex pipe-

- lines, calculated for capacity of the installed operating equipment, are approx-

. imately 30-35 percent higher than with rail shipments. About 1.7-2 percent of
the fuel to be transported will be expended on the average in transportation of

- coal with heat-forming capacity of 5,500-6,500 kcal/kg per thousand km. Fuel
consumption for self-needs will comprise about 7 percent of the fuel to be deliver-
ed during transportation for 2,500 km with regard to expenditures of up to 3 per-
cent of fuel for dehydration and drying.

With pipeline transport, one should expect a significant reduction of labor re-
sources since pipeline control should be fully automated under all conditions for
normal operation.

Investigation of the effectiveness of using coal pipelines under USSR conditions
permits one to make the following conclusions:

construction of pipelines in regions where there are no railroads is feasible

with any volumes, since a coal pipeline yields better engineering and economic in-
dicators than construction and operation of a railroad just for shipping coal;
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construction of a coal pipeline along a loaded single-track railroad is
feasible with coal volume of more than 5-8 million tons;

construction of a coal pipeline along a loaded two-track railroad is feasible
with coal volume of 15-20 million tons annually;

construction of a coal pipeline along a railroad mainline adapted to handle
trains with mass of 10,000-12,000 tons, is feasible with coal volume of 30-35 mil-
lion tons.

Since the expenditures for development of the carrying capacities of railroad
mainlines, as was shown above, are very individual and since the indicators of
pipeline transport should be confirmed by practice, the indicated recommendations
should be assumed approximate. Rather reliable data for comparison of the effect-
iveness of coal pipelines, railroads and electric power transmission lines can be
obtained only by detailed substantiations at the level of TEO [Engineering and
economic substantiation], carried out with regard to specific conditions: a reduc-
tion in the length of the coal pipeline route compared to railroad routes, determin-
ation of the actual expenditures to develop rail transport with regard to retention
of potential reserves to ship other freight, creation of reliable operating condi-
tions of the coal pipeline under severe climatic conditions and so on. According
to preliminary concepts, the use of coal pipelines is effective to transport mass
quantities of coal from the country's eastern basins, primarily from the Kuznetsk
basins, with it being used to power the electric power plants of the Urals and the
European USSR. .

With regard to the prospects of this type of transport, it is desirable to con-
struct an experimental-irdustrial installatior to check the operation of pipelines
under severe climatic conditions, variable 1oad and other features which may occur

when transporting large masses of coal to a considerable number of consumers oper-=
ating with irregular load.
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Chapter 8. Water Transport of Fuels

8.1. River Transport

The role of river transport in fuel shipments varies significantly as the Soviet
Union's energy balance develops. Formation of a system of deepwater routes in
- the European USSR created conditions for mass shipments of fuels. Construction of
the Moscow Canal and Volga-Don Canal and development of the deepwater system of the
- Volga, Kama and Dnepr Rivers led to an increase of shipments by river transport, to
an expansion of its sphere of influence and to an increase of efficiency.

The coincidence of river routes with transportation and economic ties in coal, oil
and petroleum products from the Donetsk coal basin and the oil fields of Baku and
the Northern Caucasus contributed to development of fuel shipments thrdwgh the
Volga-Kama basin. River trangport played a significant role under these conditions
in supplying the Donetsk basin and Volga and Ukrainian regions with coal. A mech-
anized port-was constructed at Ust'-Donetsk to transload coal onto ships of the
Volga-Kama basin and a fleet adapted for bulk cargo was created.

Improving the structure of the country's energy balance, increasing the specific
weight of oil and gas, slowing the growth rates of coal production in the Donetsk
basin and the vigorous d.velopment of industry in the country's southern regions
led to a sharp increase of local coal consumption. All this caused stabilization
and then some reduction of coal shipments in the Volga-Kama basin. The development
of inexpensive coal mining in the Kuznetsk basin and the improvement of rail trans-
port contributed to this. The reduced expenditures for mining and transport of
Kuznetsk coal to the Volga area became lower than the corresponding expenditures
for coal of the Donetsk basin with regard to the seasonal nature of river trans-
port operation.

The overall direction of transportation and economic ties in coal changed: it be-
came latitudinal instead of meridional.
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River shipments of coal now coincide with the general route of transportation and
economic ties only on the Dnepr River and in mixed rail-water traffic. Coal of
the Kuznetsk basin is shipped along the Xama River and the upper reaches of the
Volga River to tht. central and northwestern regions of the country with transload-
ing from the railroad to water at Perm' or Kambarka.

Even more significant changes occurred in the transportation and economic ties for
0il and petroleum products. Discovery of oil fields in Tatariya, Bashkiriya and
the Volga area transformed these regions from oil importers to exporters of oil and
petroleum products. Construction of a number of large 0il refining plants in cit-
ies on the Volga River and delivery of oil to them through pipelines from local
fields eliminated the mass shipments of petroleum products from the south. The
system of river routes of the European USSR began to haul petroleum products mainly
to regions adjacent to the Volga and Kama rivers and to navigable tributaries.

The rivers of the country's Asian part also participate in shipments of petroleum
products. The country's northern regions are supplied along them, where there are
no other transportation routes. Discovery of oil fields in the regions of the
central course of the Ob' River and in the region of Mangyshlak led to temporary
river shipments of oil from the fields not yet connected to truck pipelines, but
these shipments fell off as pipelines were constructed.

The important role of river transport in development of the oil and gas fields of
the Western Siberian lowland must be noted. The first and most complex phase in
development of the oil fields of the Central Ob' region was fulfilled with shipment
of all cirgo by river and to a significant part by air transport. The gas fields
of the northern regions of Tyumenskaya Oblast (Medvezh'ye, Urengoy and so on) are
now being developed while still begin supplied by river transport. These ship-
ments, although they are not shipments of fuels, made it possible to develop the
o0il and gas fields and to create the country's new fuel base.

There is a wide range of dimensions of self-propelled and nonself-propelled river
vessels in the USSR that support shipments of coal, oil and mainly of petroleum
products under different conditions of waterways. Self-propelled dry-cargo ves-
sels and tankers with capacity from 2.7 to 5.0 million tons are used to ship fuels
over the major river routes, specifically along the deepwater system of the Euro-
pean USSR and the Dnepr that have guaranteed depths, while dual vessels--a self-
propelled ship and a nonself-propelled barge of approximately the same capacity are
used extensively and the total tonnage reaches 9,000-10,000 tons.

Bulk and liquid cargo is shipped more and more in nonself-propelled vessels which
are usually employed in combinations of 2-4 barges with a single pusher. The total
tonnage of the barges is being increased continuously. During the past few years

_ barge systems consisting of three nonself-propelled vessels with tonnage of 9,000
tons each and a pusher with rating of 4,000 horsepower :ave begun to be operated
during the past few years. Experimental-operational voyages of systems consisting
of four of these barges with total tonnage of 36,000 tons were carried out in 1976;
axtensive use of barge systems of this tonnage makes it possible to reduce expendi-
tures for transportation of petroleum products from the oil refining plants to
large consumers or transloading bases.
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Mixed navigation vessels: river-sea, are becoming more and more widespread.
These vessels, constructed for strength and equipped for conditions of limited
operation at sea, are used to haul fuel and other cargo primarily to supply the
needs of prospecting and exploitation drilling in the northern regions of Tyumen-
skaya Oblast. Tankers of reinforced design are used to operate under conditions
of other Siberian rivers with exit to marine gulfs.

The use of pushed barges with greater tonnage than self-propelled vessels yields
better engineering and economic indicators in the European USSR with relatively
high volumes of petroleum products. The results of operating different types of
vessels to transport fuel oil to coastal TETs in 1975, according to data of the
Volgotanker Shipping Company, are presented in Table 8.1.

Table 8.1.
(1) .o (i YHeaauoronssie ‘cynn (3) Cum;onnue ;:ynu
Toxasarem 2 Gapxu no 2 Gapun mo | ) Gapma 9000 ¥
9000 1. £ 4 Taimep,
() 006 e | o e rmems) | o
(7
['pysooGopor 3a pefic, MAH. T-KM . . 15,3 14,5 6,9 4,3
pousBoaHTeALHOCTS TPYAA, (8) )
THC. T-KM/uen-cyr . . . 102,7 112,8 74,8 49,4
CeGectonMocTh nepeso3ok, (9) ) '
kon/(10 T-KM) ... 0,62 0,36 0,66 0,83
Key:
1. Indicators 6. Tanker, 5,000 tons
2. Nonself-propelled vessels 7. Freight turnover per voyage,
3. Self-propelled vessels million tons-km
4. Two barges of 9,000 tons each and 8. TILabor productivity, thousand
a pusher of 4,000 horsepower tons-km/man-days
5. One barge of 9,000 tons each and 9., Cost of shipments, kopecks (10
a pusher of 1,340 horsepower tons-km)

A system consisting of two barges with tonnage of 9,000 tons each and a pusher
with rating of 2,000 horsepower was the most efficient, but other less efficient
combinations, according to all engineering and economic indicators, were fmre
favorable than a self-propelled tanker of 5,000 tons. But since the navigation
conditions through large reservoirs and in marine gulfs require extensive use of
self-propelled vessels, one must proceed from the possibility of operating both
pushed and self-propelled vessels when considering the engineering and economic
indicators of river shipments of fuels.

A river fleet must be developed for the small rivers to supply the country's in~
terior regions, especially the northern and northeastern regions, with petroleum
products. Although the operational and economic indicators of these shipments are
worse by a factor of 3-5 than similar indicators for major rivers, they usually
are considerably more favorable than indicators in hauling of fuel by motor trans-
port, especially through wintering~over areas.

Special barges of 1,000 tons with pushers of 300-450 horsepower, which can be oper-

ated with draft from 0.9 to 1.7 meters, and tankers of 200-250 tons are required
for rivers 1.0-1.2 meters deep.
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The engineering and economic indicators compiled for the main classes of ships? are
presented in Table 8.2 for preliminary analysis of the efficiency of river shipments
of fuels (48].

The disruption of the overall situation in some cases on a reduction of expenses
with an increase of the tonnage of vessels of the same class merits attention in -
the given indicators. This is explained by the difference in classes and the re-
quirements on strength determined by navigation conditions for which they are de-
signed, by the number of ships constructed and construction conditions and by the
nurber of crews and other factors.

Table 8.2.
(1) K smurasosmomenns (3)] anconyaraumonme satpart “mmm;%::?m o
Trn cyana, 2) (4) (5) ™
I;p‘y:co’-‘ 0“"‘" L (6) I-I--n(uz) Hasanmno- Haganbio-
ocThe ¥ & . /(10 T-xM) a:m::: m)lllme:u:") m::
won/(10 2-xu) M?ﬁa) oo/t lon/(%-r x'u) xon/(10 -r-x'n)
)9 Cyxozpyanne cyda (8)
C&-5300 3,5 3,6 1937 0,34 168 0,77 400
CO-2700 3,6 8,2 1972 0,61 235 1,60 472
(1'0)CM-2I50 2,5 7.1 . 2000 0,76 221 1,62 461
CO-1800 2,25 3,9 946 0,54 168 1,01 283
CO-1500 2,2 4.5 984 0,64 173 1,18 291
CO-1000 1,4 5,7 1020 0,80 185 1,49 3056
C0-34 1,25 9,8 1770 1,77 413 2,9 672
(11)Cp-150 1,0 13,0 2320 3,35 686 4,92 918
3) Taxxeps (12)
. -48 3,6 3,5 1835 0,38 177 0,80 397
(14) HM-2152 | 2,6 7,1 1980 0,80 220 1,66 460
HO-1500 2,2 4,1 965 . 0,72 192 1,20 342
HO-600 1,65 4,8 1060 1,16 259 1,73 387
(15) -HP-150 0,9 21,0 12864 4,51 764 6,99 1048
Cyxozpysnsia cocmaest (16)
44500 3,6 1,67 646 0,2 68 0,4 146
43000 {3,6—4,0 2,12 613 0,26 80 0.6 164
2%3000 2,8 2,76 702 0,31 87 0,69 172
21950 2,25 3,78 721 0,46 107 0,92 193
2)1000 1,6 4 3,9 764 0,62 160 0,99 241
46000 1,4 4,30 641 0,56 164 1,07 241
2400 i1 6,10 1088 1,04 287 1,77 417
2)¢200 1,0 4,60 1372 1,65 500 2,2 665
Hanusneie cocmasw (17)
239000 4,0 1,9 1140 0,22 90 0,45 226
233000 1.8 2,9 770 0,39 102 0,74 194
2)2000 2,2 3,2 677 0,44 105 0,82 185
2XC400, 1 5,1 9978 1,356 302 1,96 419
'IX200 1,0 7.0 2736 3.4 690 4,20 1020
Key:
1. Class of vessel, tonnage, tons 3. Capital investments
2. Draft, meters 4, Operating expenses
[Key continued on following page]
188

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FEVR OFFTCIAYL USE ONLY

5. Tavinced exj pe 11. SR
6, fvaffig ; 4 . 12, Tankers
7. Inmitisio¥iuad operal oaEs, kKopwoke) 13. NO

3

(1 teas- ket - 4. NM
8, Dyy-cardgc vesmels : 5. NR
9. SO 16. Dry-cargo barge systems
10. sM 17. Liquid barge systems

_ The considerably lowwmi expenses for pushed barges, which are more promising for
shipment of relatively inexpensive fuels, should also be noted.

Fach river basin has a number of characteristics which can be taken into account
with a knowledge not only of permanent characteristics but of shipping conditions
during a given season (guaranteed depths, presence of a fleet, the possibility of
return loading and so on). Therefore, the indicators of transportation expenses
given in Table B.2 are approximate. The length of the navigation system must pri-
marily be taken into account for more accurate analyses. The data of Table 8.2
were compiled for a navigation season of 200 days along the Volga, Kama and other
rivers of the central regions of the European USSR and expenditures for northern
rivers are 10-15 percent higher, those for the rivers of Western Siberia are 40-
60 percent higher, expenditures for rivers of the Amur basin are 72 percent high-
er, those for the Lena basin are 2.3 times higher, those for the rivers of the
Kalymo-Indirgirko basin are 4 times higher and a coefficient of 0.85-0.9 can be
introduced for rivers of the southern regions.

189

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

Chapter 9. Electric Power Transmission Lines

[Text] Construction of electric power plants of high unit capacity and development
of the country's unified energy system and CEMA member countries led to rapid devel-
opment of electric power transmission lines and the use of them not only to distrib-
ute electric power between consumers and formation of energy systems, but also for
transportation purposes. Electric power transmission lines took on themselves in
some cases the functions of replacing fuel transport by electric power transmission
over wires, primarily transmission of electric power from hydroelectric power
plants to regions where construction of thermoelectric power plants would be re-

! quired as an alternative development of power engineering.

Electric power transmission lines with voltage up to 110 kV can be compared by
scales of freight turnover to motor transport and those of higher parameters can
be compared to rail shipments or pipelines.

The specific weight of the length of electric power transmission lines with volt-
age of 35 kV and higher and the corresponding specific weight of the freight turn-
over calculated by the number of hours of usage of the lines typical for each
voltage are presented in Table 9.1.

Table 9.1.
1985 ‘
(1 ) QL ‘ 1970 1975
Hanpaxenne, | ¥ng A pec| Ven sec | Vaemaufl
m Yaensaft sec | Y. L ¥
o ot e Yner nec aesitift sec| ¥aemuni pec
 oGneh ort':'x: no/semw | B oBuwih lll':?l T semosmenmi | 8 ofiwel npo- | B BLTOMERAR

aml, % | paGors, % | amed, % | fedomi, % | mmmA, % | pedore, %

35

42,6 2,2 39,7
110—154 40,0 10,6 4.6 13:} 353 ,33
220330 14,8 29.6 1.6 2.7 12,0 252
500 q(.;;;,.e 3.4 55.3 4.2 611 4.0 62.4

{Key on following page]
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Key [Continued from preceding pagel:

1. Voltage, kV
2. Specific weight in total length of lines, percent

- 3. specific weight in performing transport work, percent
4, 500 and above

The total freight turnover performed by electric power transmission lines is rela-
tively low and comprised 2.6 percent in 1965, 2.8 percent in 1970 and only about
3.0 percent in 1975 of the total freight turnover performed by the country's trans-
portation system in freight shipments. In this case approximately 88 percent of
the freight turnover is performed by electric power transmission lines with voltage
of 220 kV and higher, although their specific weight in the total length of systems
comprised only 16.0 percent in 1975. One must also take into account that part of
electric power transmission lines performs distributing functions or intersystem
communications, operating in a direction opposite to fuel delivery.

Electric power transmission lines with voltage of 500 kV and above are of interest
for major transport of electric power in quantities comparable to the carrying ca-
pacities, for example, of rail transport.

The world's first alternating current electric power transmission line of this
voltage with length of approximately 1,000 km was constructed in the USSR in 1957
from the Volzhskaya GES imeni V. I. Lenin to Moscow. The Volzhskaya GES imeni 22nd
CPSU Congress to Moscow, a distance of 1,010 km, the Volzhskaya GES imeni V. I.
Lenin to the Urals, a distance of 1,000 km, and so on were later constructed.

These lines are mainly connecting lines for the power systems of the Center, the
Volga area, the Urals and Siberia.

Taking the comparatively insignificant carrying capacities of electric power trans-
mission lines with voltage of 500 kV into account, investigations are being con-
ducted in many countries to create and develop alternating current electric power
transmission lines with voltage up to 700-750 kV. An experimental-commercial
electric power transmission line of this voltage, the Moscow-Konakovo-Leningrad
line, with total length of approximately 600 km has been constructed in the USSR.
The trans-Ukrainian line with voltage of 750 kV approximately 1,000 km long has
been constructed in the southern power system.

Investigations are now being conducted in some countries to develop alternating
current electric power transmission lines with voltage of 1,000-1,200 kV which
will make it possible to transmit power of 5,000-6,000 mW over a distance of 1,000
km or more. The power delivery of two circuits of this line is equivalent to the
carrying capacity of a single-track railroad specialized to transport coal (up to
30-35 million tons).

Developments of alternating current electric power transmission with voltage of
1,150 kV and power of 6,000 MW have been completed.

The degendence of the carrying capacity of alternating current electric power
transmission lines on the length of transmission is shown in Figure 9.1. The
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Table 9.2.
(1) Hanproxewse, kB (2)
Toxa3zatem
500 760 1160
(3) -
MaxcuManbiian nepenasaeMan Mowmocts, MBr 900—1000 | 2000—2500 | 5000—6000
Kanutanosnoxenus, Man, py6{4) . . - . 54,0 156 320—480
B oM uncae: (5) :
Aunedinan wacte(6) . . . . . . . 40,0 100 140
- momcranwmn(7):. . . . . . o . 14,0 56 180—340°
-[MoTpeOnocTb B LBETHOM MeTaAne, THC. T (8) . 7,7 - 12,4 20,7
TloTpe6HocTs B CTaAH, THC. «{9). . . . . 40,9 43.3 87,7
DKBHBANCHTHOE KOAMIECTBO MHHEPAJALHOTO TON-
anBa, Man, T ycnosworo tonmsa(10) . .| 2,025 4,8—5,2 | 10,0—11,0

*
The first figure is with a single transformer and the second figure is with two

transformers.

Key:
1. Indicators 8. Need for nonferrous metal,
2. Voltage, kV thousand tons
3. Maximum transmitted power, mW 9. Need for steel, thousand tons

- 4, cCapital investments, million rubles 10. Equivalent amount of mineral

5. Including oil, million tons of comparison
6. Line part fuel
7. Substation

graphs were calculated for economic current density based on generation of elec-
tric power from inexpensive strip-mined coal [68].

The engineering and economic indicators of these electric power transmission lines
1,000 km long are presented in Table 9.2.

It is obvious from these data that alternating current electric power transmission
lines with voltage of 500 kV cannot serve as a means of transportation “hat re-

- places shipment of fuel in mass quantities. They have been developed extensively
as distributing systems and to transmit electric power from large thermoelectric
and hydroelectric'power plants and also for intrasystem electrical communications.
They transmit power opposite to the general flow of fuel in some cases. The use
of these transmission lines makes it possible to strengthen the electric power
plants, to improve reservation conditions and to have other advantages upon ex=
pansion of the unified power system, which makes their construction effective.

Electric power transmission lines with voltage of 1,150 kV yield an even more sig-
nificant transportation saving. With a distance of 1,000 km they can replace ship-
ment of 10-11 million tons of comparison fuel. These scales of carrying capacity
create the possibility of extensive use of these lines to transmit electric power
from large hydroelectric power plants or from large thermoelectric power plants
operating on inexpensive hydrogenous coal with high expenditures for shipment of

it by rail or another type of transport. Electric power transmission with these
characteristics may, for example, be used extensively to supply Western and Eastern
siberia with electric power generated on coal from the Kansk-Achinsk basin.
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Figure 9.1. Carrying Capacity of Alternating Current Electric Power Trans-
mission Lines as a Function of Voltage and Length of Line

- Key:
1. Power, MW 3. Length, km
2. Kilovolts

The use of electric power transmission lines with voltage of 750 kV to replace
shipment of coal by other types of transport is economically feasible only in some
cases with unfavorable indicators of fuel transportation by rail.

Direct current electric power transmission lines are considerably more promising
to transmit energy in mass quantities.

A direct current electric power transmission line with voltage of 800 (+ 400) kv
was constructed in 1962 to link the Volzhskaya GES imeni 22nd CPSU Congress (Volgo-
grad system) to the power system of the Donbass, a distance of 473 km. The calcu-
lated output is 750 MW, while the maximum amount of transmitted electric power is
estimated at 4 billion kW-hr/year. It can operate in the reserve mode, which is
one of the advantages of direct current electric power transmission. Volgograd-
Donbass electric power transmission made it possible to finish individual elements
of the system and primarily to equip the converting substations for more powerful
electric power transmission with voltage of 1,500 (+ 750) kv, as, for example,
Ekibastuz-Center [68].

Engineering Parameters of Electric Power Transmission Line

Length' km 2'414
Cross section of conductors, mm (per pole) 5aSs0-1,200
Transmitted power at starting end of electric power

transmission, MW 6,000
Power losses, percent 10.7

Power on receiving end of electric power transmission, MW 5,400
Amount of energy on starting end of electric power trans- '
mission, billion kw-hr/year 42
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Power losses, percent 10
Amount of energy on receiving end of electric power
transmission, billion kW-hr/year 38.5

Operation of this electric power transmission line with use of approximately
7,000 hours annually makes it possible to replace shipment of approximately 13.0
million tons of comparison fuel by rail {according to the amount of electric power
on the receiving end of electric power transmission) or approximately 21.0 million
ton. of Tkibastuz coal. In this case approximately 2.5 million tons of coal will
be consumed for power losses, i.e., approximately 2.5 times more than to ship this
coal by rail with electric traction.

Comparison of the engineering and economic indicators of electric power transmission
lines (without regard to the intersystems effect) to rail shipments of Ekibastuz

- coal with heat value of 4,000-4,100 kcal/kg showed that the capital investments in
rail transport are 30-40 percent lower and metal consumption is lower with a two-
track mainline, eight-axle rail cars of dimension 1-T with capacity of 125-130
tons, train mass up to 12,000-13,000 tons and with electric traction. The oper-
ating expenses for an electric power transmission line are considerably lower.
The versions of constructing electric power transmission lines and development of
a railroad are similar in the total reduced expenditures.

Electric power transmission lines will have more favorable specific indicators when
the engineering and economic indicators of the electric power transmission line and
a single-track railroad are compared to the parameters used. With these indicators,
electric power transmission lines with voltage of 1,500 (+ 750) kV permit accumula-
tion of the experience required to develop more powerful lines with better engineer-
ing and economic indicators. Moreover, construction of an electric power transmis-
sion line of 1,500 (+ 750) kV provides intersystems communication that permits a
very significant intersystems saving equal to 1,400 MW, which will be achieved
mainly by reducing the established output of electric power plants--reducing the
emergency power reserve and as a result the relative time shift of maximum load
connected by a given line of power systems. Construction of electric power trans-
mission lines is quite economically justified with regard to the saving of expendi-
tures for development of generated capacities.

However, the intersystems saving is achieved mainly with construction of the first
latitudinal electric power transmission lines that connect the Siberian and Kazakh-
stan power systems to that of the European USSR in the Urals into the country's
unified energy system and the intersystem saving will be decreasing in nature with
introduction of new latitudinal lines. Subsequent lines constructed in the lati-
tudinal direction will mainly play a transport role and the feasibility of con-
structing them can be established by comparing the engineering and economic indi=~
cators of possible versions of fuel and electric power transport.

Determination of “he engineering and economic indicators of long distance direct
current electric power transmission lines of superhigh voltages encounters serious
difficulties due to the absence of experience in construction and operation and
also similar analogs. The following characteristics of electrical transportation
must be taken into account to achieve indicators of long-range electric power
transmission lines comparable to the indicators of other types of transport.
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Electric power losses for heating of conductors and the corona at conversion sub-
stations (in transformers, rectifiers, inverters and so on) are very high. The
expenditures related to losses exceed several times the power expenditures in
other types of transport. Achieving the indicators being compared requires con-
sideration of corresponding expenditures for the types of transport being compared.
In this case all losses in electric power transmission can be estimated from indi-
cators for production of electric power taken from the buses of electric power
plants and the expenditures (losses) of energy resources in other types of trans-
port are distributed over the entire length of the transport mainline and covering
these losses may require expenditures different from those to generate electric
power for transmission over electric power transmission lines usually having favor-
- able indicators.

These expenditures are customarily taken into account in the form of reduced ex-
penses for construction and operation of generating capacity and for production of
a corresponding amount of fuel.

Creation of reserve supplies of energy resources in the consuming region is im-
possible in electric transport. Therefore, the question of reliable operation of

- an open structure several thousand kilometers long acquires especially important
significance due to the possible effect of meteorological and other conditions
(discharge of atmospheric electricity, damage of poles, insulators and wires during
icing and storms and so on). There should be reserve capacities with fuel reserves
in the adopted energy system which could be put into operation if necessary and
could make up for a possible undersupply of electric power during planned or acci-
dental shutdown of the electric power transmission line.

In this regard the maximum output of an electric power transmission line is pre-
determined by the reserve generating capacities of the receiving power system

_ which can be used to add a reserve to electric power transmission lines. The
energy system of the European USSR will provide reserve electric power transmission
lines with output on the order of six million kW for the near future according to
conditions of operating reliability [70, 72]. Electric power transmission lines
with voltage of 2,250 (+ 1,120) and 2,500 (+ 1,250) kV and power of 13 and 40 mil-
lion kW, respectively, can be constructed in the more remote future with subsequent
development of energy systems and with an increase of reserve capacities.

If the efficiency of electric power transmission lines is compared to other types
of transport, the coefficient for development of length, dependent on the topo-
graphic conditions of terrain, is introduced. The route of electric power trans-
mission lines can be laid over the shortest distance while the length of the route
in river transport and to a lesser extent for rail and to an even lesser extent for
pipeline transport, depends on many conditions.

The degree of time utilization of electric power transmission lines is insufficient-
ly clear. The low cost of electric power in the region of generation and the high
dependence of engineering and economic indicators on the number of operating hours
of the transmission lines predetermines its operation in the basic part of the
schedule with possibly higher time utilization factor and carrying capacity. Many
authors feel that the number of hours of using electric power transmission lines
should not be less than 7,000 annually.
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Economically substantiated spheres of influence of electric power transmission
lines require detailed study under conditions of extensive development of atomic
power. The characteristic feature of atomic power plants is the constant and high

level of loading, which also predetermines their operation in the pbasic part of

" the load schedule. Reducing the load of atomic power plants is clearly unprofit-
able on the basis of fuel expenditures. Not only the use indicators but also the
rates of development of atomic power are dependent on the load level of atomic

power plants. Consequently, it would be necessary to operate electric powe

y trans-

mission lines during the semi-peak part of the schedule with deteriorated engineer-
ing and economic indicators if atomic power is developed to a level which meets

the needs of the basic part of the schedule.

Solution of the problem of development of long-distance electric power transmission
lines and the scales of their development should take into account the rates of
development of atomic power, the 1oad level of atomic power plants and the possi-
bility of producing not only electric power but heat as well on their basis.

The calculated lifetime of electric power transmission is very high--50 years.
Calculations on the economic effectiveness of using electric power transmission
lines should obviously consider in detail their loads in time ..nd development of
atomic power in the region under consideration since it may be that electric power
transmission lines will operate during this period with lower utilization inten-
sity. Therefore, the conditions of the energy supply of regions under considera-
tion in the remote future must be analyzed upon engineering and economic comparison
of transmission lines with other types of transport of energy resources. Develop-
ment of the basic strategy for development of the country's fuel and energy balance

for the remote future of 30-40 years, based on the anticipated results of s

cientif-

jc and technical progress in power engineering, is obviously required for this

purpose.

The subsequent effectiveness of long-distance electric power transmission lines is
being considered for operating conditions in the basic part of the schedule since

erating hours is inadequately efficient.

their use during the semi-peak or peak part of the schedule with low number of op-

The Energoset'proyekt [All-Union State Planning, Surveying and Scientific Research
Institute of Power Systems and Electric Power Networks], ENIN [Power Engineering
Institute imeni G. M. Krzhizhanovskiy] and NIIPT [Scientific Research Institute of
Direct Current)] are conducting research to develop direct current transmission
lines that are more improved and economical than electric power transmission lines

of 1,500 (+ 750) kv.
Approximate Parameters of Systems:

2,250
(+ 1,120) kV

Length, km 3,300
Cross-section of conductors (per pole) 6AS—~1,300
Transmitted power on starting end of elec-
tric power transmission, MW 12,000
Power losses, percent 15.2
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Power on receiving end of electric

transmission, MW 10,430 35,100
Amount of energy on starting end of

electric transmission, billion kW-hr/year 86.0 266.0
Power losses, percent 14.6 11.9
Amount of energy on receiving end of elec-

tric transmission, billion kW-hr/year 73.7 234.4
Equivalent amount of comparison fuel, million

tons/year 23.5 75.0

The use of superhigh voltages in electric power transmissions naturally requires
consideration of all the problems related to ecology and the possibility of using
the corridors formed by electric power transmission lines for agriculture (cattle
breeding and field crop cultivation) [68].

The possibility of developing crogenic electric power transmission, the basis of
which will be the use of the superconductivity phenomenon, is being considered for
the remote future. The working current density will increase to 100-10,000 A/mm
of conductor cross section for specific conditions and large amounts of electric
power can be transmitted over conductors of relatively small cross section. It is
= assumed that these electric power transmissions will have very high carrying capac-
ities and high efficienty. However, the most preliminary developments indicate
that the reduced expenditures during cryogenic transmissions will be several times
higher than for overhead power transmission lines. It should be expected that an
increase of transmitted power will lead to a reduction of specific expenditures.

According to foreign data, the efficiency of overhead and cryogenic transmission
may begin with transmitted power of 50,000~100,000 MW per circuit.

The boundaries of effective application of the considered direct and alternating
current electric power transmission lines are presented in Figure 9.2.

when the engineering and economic indicators of electric power transmission lines
are compared to other types of transport, one must take into account the variation

- of these indicators as a function of the distance of power transmission, the in-
tensity of utilization and also the energy loss in converter substations and con-
ductors for their heating and corona.

The large variation of engineering and economic indicators with an increase of the

E length of electric power transmission is explained by the significant specific
weight of expenditures for initial-final operations. Main expenditures go to con-
verter substations. Therefore, all indicators improve significantly with an in-
crease of the distance of electric power transmission.

Variation of the economic jindicators for direct current transmission lines is pre-
sented in Table 9.3.

Only the operating expenses related to losses of electric power in conductors and
at substations vary with different load level of an electric power transmission
line. Capital investments and remaining operating expenses do not depend on the

197 -

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FOR OFFICIAL USE ONLY

_ Table 9.3.
(2) 1Hang L T epam, xB
(1) 100(2760) | 260(21135) | 2s00(21260)
Toxassremt (3) {por Th IR SACKTD ASW, KM
. 2000 | a0 | 300 | w00 | 3o | e
KanntanoBAoMenus, Man. py6.: (4)
B AHHHH 3AexTponepenass (5) . . . 200,01300,0} 530,0] 710,0}1080,0]1440,0
B npeoGpasopaTenbHtie noacranunn (6) . |593,01593,01 780,0 780,0 | 2400,0] 2400,0
Hroro:(7) 793,0}892,011310,0} 1490,013480,0} 3840,0
SxCNAyaTAHORALE PACXOAH, MAH. py6.: (8)
Ma AHRAH 3AeKTpOnepesadn S0 5,01 7.6] 13,2 17,81 27,01 36,0
Ha npeoGpa3osatenbhtie TNOACTARUMA . 36,01 36,0) 47,0 47,0] 144,07 144,0
Hroro: 9) 41,01 43,5| 60,2| 64,8 171,0] 180,0
Tonoauuteasnsie 3arpaTs HA MOKpuTHE TO-
Tepb, Mnm. py6.:
xanwtanosaomenna(10) . . . - |113.0 136,0] 214,0} 270,0} 595,0] 760,0
3KCNAYATAUHOHRNE PACXOAH (11) . .] 1.6 16,0} 22,6y 28,0| 55,0| 67,6
YaenbHEe NOKA3ATENH C YUETOM NOTEpS: {12
xamnranosaoxennn, py6/r (13) . .| 74.8 89,6| 60,0 72,0] 54,6 61,0
sKcnayarausionnsie pacxons, pyS/r (14] 4,4] 5,11 33 3.8 3.0 33
_ NpHBEJIERHHIE JATPATH, py6/r(18) - - -
(16) mpu Ew=042 . . . . . . 13,4] 15,8} 10,5] 12,4 9,6/ 10,6
(17)opn Ea=005 . . . .(18) 15.6] 18;6] 12.3] 14,6 11,2] 12,4
fipusefeHnEe 3aTPATH, xon/(10 ~xu}:
mpu Ew=042 . . . . - 6,7] 63} 3.5 3,1 3,2 2,6
- npu Ew=0,15 7.8] 6,21 4,11 ‘3,6 3.7 3
Key:

1. Indicators
2. Electric power transmission voltage, kv
3. Length of electric power transmission line, km
= 4, Capital investments, million rubles
5. In electric power transmission lines
6. In converter substations
7. Total
8., Operating expenses, million rubles
9. additional expenditures to make up losses, million rubles
10. Capital investments
11. Operating expenses
12. Specific indicators with regard to losses
13. Capital investments, rubles/ton
14. Operating expenses, rubles/ton
15. Reduced expenditures, rubles/ton
16. At Ep = 0.12
17. At Ep = 0.15
18. Reduced expenditures, kopecks (10 tons-km)

load. As a result the fraction of expenses which can be related to the category of
expenses dependent on the volume of shipments by analogy with other types of trans-
port is extremely insignificant and a reduction of the load factor sharply reduces

the engineering and economic indicators of electrical transmission use. Therefore,
detailed analysis of the prospects for development of atomic power and a combination
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Figure 9.2. Areas of Application of Direct and Alternating Current Electric
Power Transmission: =—— --coal from underground mining; =----
--coal from strip mining; 1, 2 and 3--direct current; 4--alter-
nating current

Key:
1. Electric power transmission, billion kW-hr/year
2. kv
3. Length, km

of the operation of electric power transmission lines with that of atomic power
plants in the basic and other zones of the schedule is required when solving the
B problem of the effectiveness of using this type of transport.

The dependence of the engineering and economic indicators of electrical transmis-
sion on the utilization time of electric power transmission is shown in Table 9.4,
where the results of calculations made for an electric power transmission line with
voltage of 1,500 (+ 750) kv and length of 2,000 km are presented.

Variation of losses in an electric power transmission line with voltage of 2,200

- (+ 1,100) kV is shown in Figure 9.3 as a function of the length of the transmission
line and the number of hours of utilization. As can be seen, the electric power
losses under all conditions are very significant and reach 13.0 percent of trans-
mitted power or 16.0 percent of the amount of energy received at the point of con-
sumption with a length of 4,000 km and power utilization of 7,500 hours annually.
Approximately 2.5~3.0 percent is lost at converter substations and the remainder

is lost in the electric power transmission line.

Summary indicators of reduced expenditures during transmission of electric power
over direct current lines over long distances are presented in Figure 9.4. The
nature of the curves shows the clear feasibility of using electric power transmis-
sion lines of higher parameters in voltage over greater distances. The reduced
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Figure 9.3. Energy Losses in Direct Current Electric Power Transmission with
Voltage of 2,200 (+ 1,100) kV: 1--in converter substations; 2--
in conductors for heating and corona

Key:
- 1. Energy losses, billion kWehx/year 2. Length, km
Table 9.4.
¥ )\Iucno [acos n ponep , v
Toxasarem (7] -
0o | so0 | eooo | 000 | 70
Y Kanmanosaomenns, Man. py6.: (3)
- B JMHHH 3neKTponeperauw (4). . . . 200,0 | 200,0 | 200,0 |200,0 | 200,0
8 npeoGpaioatensubie noactamumu (5) . | 603,0 | 693,0 | 593,0 |593,0 | 593,0
iroro: (6) 793,0 { 793,0 | 793,0 |793,0 | 793,0
3KCHAYaTAUAOHHKE PACXOAH, MAH, d:yd.: (7)
H8 AHHWH 3nektponepenawn (8) . . .| 5.8 5,8 58| 5,8 5,8
B na npeoSpasosatenshbie aogcranunn (9) .| 40,0 | 40,0 | 40,0 } 40,0 | 40,0
Hroro: 45,8 | 45,8 45,8 | 46,8 | 45.8
Jononuuresuusie 3aTpatut Ha TOKPHTHE NOTEPb
SHeprHH B 3nextponepesaye, MaH. py6.: (10)
Kanutanonaomenus (11) . . . .| 600 73,6 ] 88,0 |113,0 | 18,0
srenayataumonnse pacxomss (12). . .} 6,1 | 7.3-| ~8,5 | 10,2 | 11,2
3arpatu no 9nexyporiepenate ¢ y4eToM noteph,
mn, pys.: (1
KanMTanoBOMeWws .. . . . . . |863,0 866,56 |881,0 1906,0 {911,0
skonayaTauMonneie pacxoad . . . .| 51,9 | 53,1 | 54,3 | 66,0 § 57,0
. Yaenvnete noxazarean:( ;
kan#Tanosnoxenns, py6/r (¥5) . . .| 117,0 | 94,0 | 83,0 | 76,0 | 7.8
sxenAyaTaunonHbie pacxoaw, pyS/r (16)- 7,151 5,78] 5,12] 4,671 4,5
npuseneknue 3aTpatH, pyé/r: (17)
npi Ea==0,12 { 21,16]| 17,08} 15,07| 13,771 13.1
opn Ex=D0,15 24,656} 20,18] 17,62| 16,07} 15,3
xannranonnoxennn, xon/(10 v-xm){20) . | 68.6 | 47,0 | 41,5 | 38,0 | 35.9
- (21) sxcnayaraunonuue pacxoauw, xon/(10 rt-xm)j 3,68 3,001 2,661 2,32 2,18
npxBenensntie aarpaty, xon/(10 'r-xu)-(zz)
apn Exm=0,12 10,5681 10,056 7,647y 6,881 6,49
apx Ea==0,16 12,38] 12,0 8,78f 8,02 7,57
Key:

1., Indicators
2. Number of hours of electric power transmission use, hours
[Key continued on following pagel
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Key [Continued from preceding pagel:

3. Capital investments, million rubles
: 4. In electric power transmission lines
5. In converter substations
6. Total
7. Operating expenses, million rubles
8. For electric power transmission lines
9. For converter substations :
10. Additional expenditures to make up power losses during electric power
transmission, million rubles
11. Capital investments
12. Operating expenses
13. Expenditures for electric power transmission with consideration of losses,
million rubles
14. Specific indicators
15. Capital investments, rubles/ton
16. Operating expenses, rubles/ton
17. Reduced expenditures, rubles/ton
18. At Ep = 0.12
19. At BEp = 0.15
20. Capital investments, kopecks/ (10 tons-km)
21. Operating expenses, kopecks/(10 tonskm)
22. Reduced expenditures, kopecks/ (10 tons<km)

expenditures for electric power transmission lines having voltage of 2,250 (+ 1,125)
kv of 3.1-3.5 kopecks per 10 tons:km and those at voltage of 2,500 (+ 1,250) kV of
2.6-3.1 kopecks per 10 tons-km indicate the competitiveness of electric power
transmission lines with rail shipments of even high-heat coal.
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Figure 9.4. Reduced Expenditures for Direct Current Electric Power Transmis-
sion: 1--voltage of 1,500 (+ 750) kV at En = 0.15; 2-~-the same
voltage at En = 0.12; 3--voltage of 2,200 + 1,100) kV at Ep =
= 0.15; 4--voltage of 2,500 (+ 1,250) kV at Ep = 0.15; 5==volt-
age of 2,200 (+ 1,100) kV at Ej = 0.12; 6--voltage of 2,500
(+ 1,250) kv at Ep = 0.12

Key:
1. Reduced expenditures, kopecks/(10 tons-km) 2, Length, km
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More detailed comparison of the reduced expenditures over electric power transmis-
sion lines with indicators of other types of transport and indicators of atomic
power plants leads to the conclusion that parallel development of electric power
transmission lines and atomic power using high-capacity reactors is feasible.

2T
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Chapter 10. Problems of Comprehensive Development of Transportation of Energy
Resources

[Text] An increase of worldwide prices for oil and gas led to a significant gap
between these prices and expenditures for the coal fuel of the country's eastern
regions delivered to the European USSR. Expenditures for coal from the eastern
basins transported to the Urals and to the European USSR are several times lower
than worldwide prices for liquid and gaseous fuel. A further increase of prices
for these types of fuel is expected in the future since oil and gas production on
the offshore areas of the seas and in the difficultly accessible northern regions
of the world requires an increase of expenditures. This trend indicates the feas-
ibility of increasing the fraction of coal in the country's fuel balance and pri-
marily for generation of electric power and extensive electrification of produc-
tion and other processes with gas and petroleum products being forced out by
electric power. This direction for development of the fuel and energy balance
permits release of liquid fuel and gas resources for the national economy and ex-
port and thus permits an acceleration in development of the country's economy.

An increase in the fraction of coal in the country's fuel balance requires a
search for methods of transporting this fuel and also investigations of the prob-
lem of replacing gas and liquid fuel with electric power in all sectors of the
national economy, including fuel transportation as well.

The coal from the country's eastern basins can be transported to the west, as al-
ready considered above, by several methods: '

directly by rail with creation of special mainlines with high carrying ca-
pacity if necessary;

in the form of a water-coal slurry through pipelines;

transmission of electric power over alternating or direct current electric
power transmission lines;
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in the form of refining products (methanol, light products, synthetic gaso-
line or diesel fuel and so on) through pipelines or by rail depending on the pro-
duction volume.

The possibility and feasibility of using one or another method depends on the
physicochemical properties of coal, its geographic location and the engineering
and economic indicators of refining and transporting the fuel.

Let us consider these problems for the three largest coal basins: the Ekibastuz,
Kuznetsk and Kansk-Achinsk.

The Ekibastuz basin has very favorable conditions of vein deposition and requires
low expenditures for mining. However, Fkibastuz coal is comparatively low-heat
(4,100-4,200 kcal/kg) and contains a large amount of ash having quartz inclusions
in it. This coal essentially does not submit to concentration. The presence of
quartz particles provides the basis to assume that the coal in pulverized form
will have increased abrasiveness, which makes pipeline transport of it impossible
without special measures to prevent rapid wear of pipes. There are as yet no
engineering solutions to protect long welded pipelines against wear. The available
experience of operating equipment for mining, loading and crushing of this coal at
electric power plants confirms acrelerated wear. Therefore, railraods and elec-
tric power transmission lines may be practically useful to transport coal from the
Ekibastuz basin over a long distance.

Consideration of the problem of the distance of rail shipments of Ekibastuz coal
showed that expenditures for rail transportation of this coal west of the Urals,
for example, to the central regions, are higher than transportation of Kuznetsk
coal, since coal from the Kuznetsk basin is high-heat and expenditures for trans-~
port of one ton of comparison fuel are lower by a factor of 1.55-1.60 than for
Ekibastuz coal. This leads to the conclusion that the consumption zone of Ekibas-
tuz coal with rail shipment is limited to the Urals, while it is more feasible to
supply coal from the Kuznetsk basins to regions located west of the Urals.

The established fuel and energy balance of western Siberia and the Urals and ad-
jacent regions of the northern Caucasus shows that the energy resources of the
Fkibastuz basin can be used in the northern and southern Urals and in regions of
northern and central Kazakhstan, i.e., at a distance up to approximately 1,000~
1,200 km from the basin.

Under these conditions both rail shipments of coal located near the consuming re-
gions to cover the semi-peak, peak and partially pbasic loads and to supply TETs
and alternating current electric power transmission with voltage of 750 and 1,150
kW can be used in parallel to support the main part of the load schedule. Engin-
eering and economic calculations show that both versions provide approximately
identical results to support the regions of the southern and central Urals separ-
ated from the basin by approximately 1 ,000-1,200 km.

Consideration of both versions (transmission of electric power or shipment of fuel
by rail) also yielded similar indicators for the northern regions of the Urals,
which was caused by significant development of existing railroads compared to
electric power transmission lines, which can be laid over the shortest distance.
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The most favorable for the industrial regions of Northern Kazakhstan is electric
power transmission; shipment of coal is feasible only to supply electric power
plants that cover semi-peak and peak parts of the load schedule. The use of rail
transport may be feasible for the southern regions of Kazakhstan, taking into ac-
count the considerable distance, the large fluctuations in the loads of the energy
system and the favorable conditions for increasing the capacities of railroads.

Thus, the Ekibastuz coal basin is the energy base of a vast region that includes
the northern part of Western Siberia, the Urals and the northern and partially the
southern regions of Kazakhstan.

The use of coal from the Ekibastuz basin to cover the needs of the Volga area and
the country's central regions is possible by using only direct current electric
power transmission lines with voltage of not less than #* 750 kW. The engineering
and economic indicators of this electric power transmission line with output of
approximately 6 million kW using approximately 20-22 million tons of coal annually
are similar to the indicators for rail shipments. Construction of this line also
permits one to achieve an intersystem saving that significantly improves the use
of the generating capacities in energy systems. Construction of an electric power
transmission line with voltage of + 750 kW is conversion to construction of larger
and more economical transmission lines with voltage of + 2,100 kW.

The Kuznetsk coal basin has very favorable conditions of coal deposition that per-
mit strip mining. The energy coal of the Kuznetsk basin is usually high-heat,
low-ash with heat-producing capacity of 6,200-6,500 kcal/kg and according to pre-
liminary data can be transported through pipelines with insignificant abrasive
wear of pipes.

Burning Kuznetsk coal to produce electric power and for transmission over electric
power lines is unfeasible since the less transportable hydrogenous coal of the
Kansk-Achinesk basin located somewhat more easterly can be used for this purpose.

Taking the technique for coke production and the variety of consumers into account,
the coking coal of the Kuznetsk basin may be transported in the near future by rail
since capacities for transporting it by pipeline has not yet been studied and in
all probably requires fundamental restructuring of the coke-producing enterprises.

The distribution of Kuznetsk energy coal for shipment by rail and through slurry
pipelines is predetermined by the engineering and economic indicators of these
types of transport, which in turn depend to a significant degree on the concentra-
tion of coal consumption when pipelines are used. As already pointed out above,
the engineering and economic indicators of pipeline transport of coal improve sig-
nificantly with an increase of the volume of coal; therefore, development of a

- branched pipeline system of low productivity reduces the efficiency of this type
of transport. Relatively small consumers can be supplied with coal by rail and
large consumers, primarily large electric power plants located at relatively short
distances from each other, for example, in the Ural-Volga and central regions, can
be supplied with coal by pipeline.

. Pipelines 1,200 mm in diameter with carrying capacity of approximately 40 million
- tons annually and those 1,400 mm in diameter with carrying capacity of
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approximately 60 million tons annually can be used to transport Kuznetsk coal. A
pipeline 1,200 mm in diameter can service electric power plants with output of 17-
18 MW operating during the basic part of the load schedule (the number of hours of
utilization of established output annually is 7,000) or with an output of 30 MW
operating during the basic and semi-peak parts of the schedule (the number of

hours of utilizing the established capacity is 4,000-4,500 annually). One pipeline
can supply fuel to three large electric power plants with established output of 6.0
MW operating during the basic part of the schedule or five electric power plants
operating during the semi-peak part of the load schedule. Development of a slurry
reserve required to supply electric power plants operating in this mode is a prac-
tically solvable problem.

organization of Kuznetsk coal shipment by rail can be considered in several ver-
sions for development of the Kuzbass-Urals-Volga rail test area:

in relatively limited quantities (in addition to existing shipments of 40-60
million tons) by development of the existing railway system with already existing
parameters, but with handling of coal trains of 8,000-9,000 tons of mass in it con-
sisting partially of eight-axle rail cars;

in large quantities (an additional 120-150 million tons) by developing a spe-
cialized railroad on the basis of the Central Siberian Mainline with handling of
trains 1,700-2,100 meters long on it, consisting of eight-axle rail cars;

additional development of the Kuzbass-Urals-Volga area rail test area is re-
quired if necessary to deliver an additional quantity of coal to the European USSR.

Comparison of the engineering and economic indicators of these types of transporta-
tion of Kuznetsk energy coal leads to the conclusion that the use of pipelines is
more feasible than additional development of the Kuzbass-Urals-Volga area rail

test area. However, the indicators for finishing the construction of the railway
system being formed, including development of a specialized railroad based on the
Central Siberian Mainline and pipelines 1,200 mm in diameter, are similar to each
other with some advantage to pipelines. But even this conclusion cannot be re-
garded as final since the engineering and economic indicators may vary somewhat as
a function of refining the expenditures for pipeline construction and railroad con~
struction and as a function of the location of fuel consumers and other factors.

Thus, both rail shipments primarily to supply small consumers and pipeline trans-
port to supply large fuel consumers and primarily high-capacity electric power

- plants located in the Volga area and the country's central regions can be devel~-
oped in parallel to transport coal from the Kuznetsk basin. Putting the first
pipeline of high-productivity into operation should be done during the period of
exhausting the carrying capacity of already constructed railroads.

An experimental plant at which the production processes for pumping Kuznetsk coal
under the severe climate of Siberia (preparation of slurry, dehydration of it and
other processes) will be worked out is required with regard to the future of pipe-
line transport.
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Pumping a water-coal slurry through pipelines with productivity of 40-60 million
tons annually requires development of a pump with delivery of not less than five
_ million tons annually.

The Kansk-Achinsk basin is a number of fields located along the Main Siberian
Mainline for a distance of approximately 300 km. Most fields are represented by
several coal veins up to 100 meters thick which permit mining of up to 50-60 mil-
lion tons annually in a single mine with shallow depth of the overburden with low
expenditures for mining. Hydrogenous coal with heat value of 3,300-3,500 kcal/kg,
with low ash content, but containing up to 40 percent moisture, including approxi-
mately 50 percent in chemically bound form. The coal tends toward self combustion.

A method of concentrating Kansk-Achinsk coal and of producing semi-coke, resins

and gas has been developed at experimental-industrial plants. Refining products in
the form of briquettes from semi-coke or resinous powdery semi~-coke are a high-
quality fuel with heat-producing capacity of approximately 7,000 kcal/kg not sub-
ject to spontaneous combustion. The briquettes are transportable by rail and the
powdery semi-coke is transportable by pipelines.

Investigations are being conducted to develop other, simpler methods of Kansk-—
Achinsk coal concentration that permit an increase of the heat value of the fuel
to 5,500-6,000 kcal/kg.

Investigations are being conducted to pump the coal through pipelines in the form
of a water-coal slurry: the optimum granulometric composition of the slurry, the
coal concentration in the slurry and other parameters are being determined.

The problem of Kansk-Achinsk coal transport or products from refining it may be
considered in two aspects: for an average distance (up to approximately 1,000 km)
and over long distances to the European regions of the country (3,000-4,000 km).

This coal can be transported by rail for an average distance, which makes it pos-
sible to supply southern Krasnoyarskiy Kray and Irkutskaya, Kemerovskaya and Novo-
sibirskaya Oblasts with inexpensive fuel and to release the transportable coal of
the Kuznetsk basin in this region for shipment to the west and to limit their con-
sumption to only existing electric power plants, conversion of which to the hydroyg-
enous coal of the Kansk-Achinsk basin is economically unfeasible.

The extensive use of alternating current in electric power transmission lines from
electric power plants located near the strip mines is feasible. The effectiveness
of using electric power transmission lines in the given region is higher than for
the Ekibastuz basin since coal from the Kansk-Achinsk basin has lower heat-produc-
ing capacity, while the terrain relief is primarily complicated and the cost of
construction and operation of railroads is higher than in the valleys of the south-
ern regions of Western Siberia and Nozthern Kazakhstan.

Thus, coal from the Kansk-Achinsk basin can primarily be used to supply inexpensive
electric power to the indicated vast region of the country and to free high-quality
coal from the Kuznetsk basin for transport to the country's western regions through
pipelines and by rail.
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The energy resources of the Kansk-Achinsk basin can be transported over long dis-
tances to the European regions of the country:

by burning it locally and by transmission of electric power over alternating
current transmission lines with voltage of 2,200 and in thefuture of 2,500 kV;

by shipping the refining products by rail: resinated semi-coke or briguettes
- of it with increased heat-producing capacity not subject to spontaneous combustion;

shipment should be made over the same mainlines over which Kuznetsk coal is
transported;

through pipelines in the form of a water-coal slurry of natural coal (if the
results of investigations indicate the possibility of creating a slurry that pro-
vides stable operation with sufficiently favorable economic indicators) or of
semi-coke;

through pipelines or by rail depending on the volume of production of the
chemical products from refining this coal (synthetic gasoline, diesel fuel and
methanol).

Preliminary calculations on shipment of Kansk-Achinsk coal over long distances
yielded very similar indicators for various types of transportation (except refine-
ment into synthetic liquid fuels).

The most favorable indicators are found when electric power is transmitted over
direct current electric power lines with voltage of + 2,500 kV and by pipeline
transport in the form of a water-coal slurry.

Rail transportation of enriched coal in the form of dusty or briquetted semi-coke
yields somewhat worse indicators with regard to the high expenditures for enrich-
ment. Therefore, the problem of enrichment of Kansk-Achinsk coal to impart trans-
portability over long distances to it and to increase the heat-producing capacity
should be one of the main tasks of further investigations in working out this
problem.

The coal from this basin should become the main fuel of the region indicated above
for the near future in other to reduce to a minimum consumption of coal from the
Kuznetsk basin in it for rail and pipeline transport to the country's western
regions.

Conclusions

1. A high level of development of transportation systems has been achieved in the
USSR for intracontinental movement of mass quantities of fuel and energy resources
over long distances.

The existing gas- and oil-pipeline and rail transportation systems are the world's

most productive and now already provide movement of approximately 1.0 billion tons
of fuel annually over a distance up to 2,500-3,000 km.
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The very high engineering and economic indicators of transportation achieved at low
expenditures for fuel production in the country's eastern regions made it possible
to supply consumers with relatively inexpensive fuel and energy resources and to
achieve high efficiency of social production. Formation of the country's fuel and
energy balance for the near future and especially for the more remote future places
a number of problems for further improvement of transportation systems before sci-
entific research, planning and design organizations with respect to productivity,
improvement of engineering and economic indicators and interaction between them.
The problems of development of transportation systems should be regarded in combin-
ation with development of the systems for producing fuel and energy resources by
sectors of the national economy.

2. Analysis of the basic directions of scientific and technical progress and its
effect on the engineering and economic, social, ecological and other indicators of
individual types of transport indicate the possibility for significant improvement
of each of the traditional types of transportation and also the possibility of de-
veloping new types of fuel and electric power transportation over long distances,
primarily pipeline transport for coal in the form of a water-coal slurry and long-
distance direct current transmission lines.

The possibility of a significant reduction of transportation expenses in the total
expenditures to supply the country with fuel and energy is being determined. There
is the possibility for a significant increase of the carrying capacity of all types
of transportation to the level required to solve problems of supplying the coun-
try's European and Central Asian regions with fuel by delivering the enexgy re-
sources of the country's eastern regions on scales that meet all the needs of in-
dividual sectors of the national economy, individual regions and of the country as
a whole.

There are prerequisites for a twofold or more ii.crease of the unit capacity of the
system compared to those now achieved for all types of transportation, rail, gas
pipeline and oil pipeline.

However, to solve the problem of increasing the unit carrying capacity of transpor-
tation mainlines, new means of transportation must be investigated, researched and
developed for practically all types of transport: development of the design and
assimilation of the entire complex of equipment for pumping gas under pressure of
100-120 kgf/cm2 with moderate cooling and subsequently to develop a liquefied gas
transportation system over long distances, conversion to large-diameter oil pipe-
lines if necessary and development of a complex of permanent facilities and roll-
ing stock related to an increase of the carrying capacity of railrocads.

Moreover, scientific research, design and other work must be conducted to develop
and introduce new types of highly productive transportation--pipelines to trans-
port coal and long-distance electric power transmission lines that provide more
favorable engineering and economic indicators under specific conditions than ship-
ment of coal by rail.

3. The indicators for transportation of energy resources and optimization of them
from the aspect of transportation are considered in the book. However, optimiza=-
tion of the structure of the energy balance and development of the fuel and energy

209

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400050024-6

FOR OFFICIAL USE ONLY

complex over the entire range from production to consumption of energy resources
should also take into account problems of optimization of other components of the
complex in addition to transport problems. Solution of these multifaceted prob-
lems is essentially possible by finding a coordinated optimum that ensures national
economic efficiency of the entire system consisting of the fuel and energy balance
of individual regions and of the country as a whole with regard to the numerous
factors changing rapidly in time.

4. Selecting the spheres of application of various types of transportation under
the conditions when they solve identical problems is of great practical interest in
optimization of the fuel and energy complex. Experience shows that solution of
this problem depends to a significant degree on the fuel production and consuning
conditions and the operating mode of various types of transportation in the coun-
try's transportation system that supports functioning of the fuel and energy com-
plex. Failure to consider the operating conditions of individual types of trans-
portation may lead to incorrect conclusions. Variation of the engineering and
economic indicators as a function of the loading conditions of transportation sys-
tems leads to significant distortion of the results of calculations and does not
exclude erroneous decisions.

5. A timely problem for formation of the country's fuel and energy complex to sup-=
ply European regions with electric power and with boiler-furnace fuel under condi-
tions of rapid development of atomic power is determination of the optimum spheres
of application of long-distance electric power transmission lines and partially of
pipeline transport of coal. The engineering and economic indicators of these types
of transportation deteriorate significantly when their load is reduced. A high
saving from using them can be achieved when working during the basic part of the
load schedule, i.e., in the spheres of operation of atomic power plants. At the
gsame time the intersystem saving that in many cases sharply increases the efficien-
cy of long-distance electric power transmission lines, must be taken into account

- when using long-distance transmission lines. The problem of selecting fuel trans-
portation to cover the peak part of the loads requires solutions in formation of
the fuel and energy complex of individual regions of the country with regard to all
local conditions for covering the peak loads and the characteristic of varying the
indicators of individual types of transportation depending on the schedule of elec~
tric power consumption.

6. Problems of the reliability of supplying consumers with fuel and energy re-
sources and of supplying fuel during peak loads in extreme cases were only touched
on in the book. This problem can be completely solved by optimizing the structure
of the fuel and energy balance of individual regions and of the needs with regard
to all local conditions and primarily of already existing energy consumers and
adaptation of them to replace one type of fuel with another and also with regard
to the engineering and economic indicators for creation of reserve depots of var-
ious types of fuel with regard to topographic, geographic and other local condi-
tions. The problem goes beyond the framework of optimizing the development of
transportation and requires solution of a complex of problems related to produc-
tion, transportation and storage of fuel.

7. BAn independent problem that determines the operating indicators of pipeline
transport, solution of which is possible only upon optimization of the fuel and
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energy complex, is to establish the conditions for exploitation of gas and oil
fields and consequently, as part of the problem of establishing the calculated
carrying capacity of pipelines that deliver gas and oil from the fields to
consumers. The carrying capacity of long-distance pipeline systems can be utilized
over a longer time from the aspect of achieving nigh effectiveness of capital in-
vestments in pipeline systems, for which the value of sampling should be more mod-
erate than is assumed in practice. More accelerated operation with reduction of
the depreciation period, if this is required by the conditions for supplying fuel
to consumers, is economically justified to supply pipelines of relatively short
length. Some reduction in the efficiency of transportation may be justified from
national economic aspects to accelerate the exploitation of fields.

8. Analysis of the development of transport of fuel and energy resources requires
solution of a number of problems to improve them and to conduct a complex of in-
vestigations that ensure from the conditions for further development of the coun-
try's fuel and energy balance.

These problems include:

a) transportation of oil from permafrost regions in a cooled state and also
of gas-saturated oil;

b) the need to conserve the higher quality gaseous fuel under conditions of
extensive development of atomic power engineering and to supply a number of the
country's regions with inexpensive coal advances as anurgent problem of extensive
distribution of electric drives for gas-compressor units. This problem acquires
special significance with regard to the large scales of development of long-dis-
tance gas transport and the high energy consumption of this type of transportation;

c) conducting a camplex of investigations and development of a system of
liquefied gas transportation with optimum parameters at which metal requiring com-
paratively few alloying additives can be used.

Development of the design and methods of construction and operation of heat-in-
sulated pipelines and production of equipment for cooling, liquefaction, storage
and regasification of liquefied methane;

d) developing the technology and hardware for transportation of pit and hy-
drogenous coal, primarily from the Kuznetsk and Kansk=-Achinsk basin, through pipe-
lines over long distances, including the problem of dehydration and combustion of
this coal.
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